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Abstract 
The electrical conductivity of the crust and upper 
mantle was determined by the magnetotelluric method at 
13 sites forming a traverse across the south-eastern 
port i on of the Australian continent. Two separate 
experiQents were undertaken forming a line wh ich crossed 
two major tectonic areas, the Adelaide and Tasman 
Geosynclines, as well as the boundary between the stable 
Precambrian shield and the younger eastern region. 
vi 
The preliminary investigati on consisted of four 
magnetotelluric measurements across the Tasman Geosyncline 
of eastern Australia. Data was acquired in the period 
range of 10 3 to 10 4 sec yielding information on electrical 
conductivity a t upper mantle depths. By interpreting 
apparent resistiv ity curves it was concluded that at 
depths of a few hundred kilometres the conductivity is an 
order of magnitude greater under the geosyncline than 
immediately to the west of it. This result is interpreted 
as indicating higher temperatures which are thought to be 
directly , or indirectly, related to the tectonic activity 
of the geosyncline. 
In preparation for the main experiment three telluric 
recording instruments were constructed and field tested in 
the Canberra vi cinity. Although the sites were only of 
the order of 15 km apart significant variations occurred 
in the east components of the telluric potential differences. 
At one site there was strong polarization of the telluric 
potentials which was apparently controlled by the local 
geologic fault pattern. The field test demonstrated 
the need to thoroughly study t he current channelling 
problem, where a local inhomogeneity perturbs a field 
induced over a much larger area. 
vii 
In the main experiment telluric potentials were 
recorded at nine sites stretching 1000 km from east of 
Wilcannia, N.S.W.,to west of Coober Pedy, S.A., in south 
central Australia. These we re combined with data obtained 
from a simultaneous magnetic va r iometer study and analyzed 
to yield magnetotelluric impedance tensors. The 
estimation of probable errors for the tensor values wa s a 
significant step in M-T analysis. The data were interpreted 
to reveal a general conductive-resistive-conductive layering 
in which was embedded an extremely good conductor (0.1 
ohm-m). The anomalous conductive structure strikes N-S 
and lies just to the east of the Flinders Ranges and is 
situated in the crust. The detection of this good conductor 
is the main result of this study. 
Analysis of the magnetometer array data verified both 
the presence and location of the anomalous conductor and 
further delineated its emplacement as parallel but east of 
the Flinders Range s in the south, but curving to the north -
west in the northern part of the array. 
The conductor is thought to be caused by a northward 
extension of the Kanmantoo Trough or possibly by a large 
fracture zone along which two sub-blocks of Australia 
are shearing. 
Chapter One 
Introduction 
1. Definition 
Mankind's technology has not yet evolved to the stage 
where the interior of the earth can be directly stud ied by 
any more than a mere scratching at its surface. The 
geoscientist must, therefore , resort to indirect methods 
of probing the depths of our planet , and the geomagnetic 
field provides a very elegant tool for this purpose. The 
crust and upper mantle are penetrated by electro-magnetic 
waves to a depth of several hundred kilometres. The 
majority of the externally caused magnetic disturbances 
are indirectly related to the sun's activity . The continuous 
solar ejection of a neutral plasma, the solar wind, causes 
an interaction with the earth's magnetic field which 
results in the two main features of interest, storms and 
bays. In addition, minor groups of continuous and transient 
geomagnetic pulsations are generated. The geomagnetician 
is thus presented, not only with a free source of energy 
with which to examine the earth, but also an almost 
continuously active one. The magnetotelluric (M-T) method 
is defined as the measurement, at the surface of the earth, 
of the horizontal time varying geomagnetic field caused 
by external sources, and the electric (telluric) fields 
which it induces in the ground; these measurements are 
used to deduce the electrical conductivity of the crust 
and upper mantle below the measuring site. 
1 
2 . Electrical Conductivity 
The magnetotellur ic method provides an elegant 
technique for looking into the earth but its vision is not 
complete. It sees only one parameter - the electrical 
conductivity, and this, unfortunately, is very variable. 
Parkhomenko (1967, p.lll) has compiled the electrical 
2 
resistivities , as determined by laboratory techniques, of 
2 
various types of rocks and these vary from 2.3 x 10 ohm-m 
(a wet quartzitic sandstone) to 1.8 x 1018 ohm-m (a dry 
marble) - a range of 10 16 1 
Interpretation of conductivity results are particularly 
difficult near the surface of the earth because the 
conductivity may be correlated with either one, or a 
combination, of several parameters. Other factors being 
equal, the composition of the rock will determine the 
conductivity. Sedimentary rocks are most conductive and 
basic rocks are generally an order of magnitude more 
conductive than g ranitic rocks. However fracturing and 
porosity, especially when accompanied by saline ground 
water, may often dominate. Hyndman and Hyndman (1968) 
propose that in young tectonically active areas the layer 
of high conductivity at the bottom of the crust is caused 
by water saturation. In stable shield areas the crust has 
become dehydrated through metamorphic processes and the 
conductive layer is absent . 
Below a few tens of kilometres the conductivity is 
thought to be controlled by temperature . An extrinsic 
semi-conduction mechanism in olivine leads to an 
exponential increase of conductivity with temperature. The 
3 
search for a temperature profile of the upper mantle has 
been one of the major reasons for the popularization of the 
magnetotelluric method. Anomalies found at these deep 
depths ore generally correlated with upwellings of 
geotherms due to tectonic activity or other factors. A 
particularly good correlation with anomalous heat flow and 
a deep electrical conductivity anomaly has been reported by 
Reitz e l et al ('970) and explained by Gough and Porath 
(1970) as a long lived thermal structure. 
Thus, the magnetotelluric method yields an estimate 
of the electrical conductivity, but because of its great 
variability, the results are not always easy to interpret. 
3. History 
Although G.B. Airy recognized that a relationship 
existed between telluric currents and natural magnetic 
fluctuations as far back as 1868, the magnetotelluric 
method did not become a research implement until the early 
19pO's. At this time a number of scientists (Tikhonov 
(1950) , Kato and Kikuchi (1950) , Rikitake (1950)) realized 
the potential of the natural electromagnetic field for 
sounding the earth's crust. However, it remained for 
Cagniard's (1953) classic publication to fully emphasize 
the practicability of the method as well as to introduce 
the term "magneto-tellurique " to the geophysical language. 
The magnetotelluric theory i s beautifully simple; 
only a single station is necessary to determine the 
underlying conductivity structure . The simplicity of the 
method , however, imposes serious restrictions on it ' s 
application and diffi culties arose almost immediately. 
Wait (1954) and Price (1962) questioned the assumption 
of plane electromagnetic waves and calculated corrections 
4 
for sources of finite dimensions. Theoretical development 
could not cope with any departures from horizontal 
conductivity layering in the ground and, thus, the most 
interesting geologic features were excluded from study. As 
the M-T method came into vogue, it became increasingly evident 
that the results were widely scattered. Also, the apparent 
resistivity curves obtained at one site from the two pairs of 
orthogonal magnetic and electric components were invariably 
widely different, that is, anisotropic. 
In spite of these objections, advances were made. 
The interpretation of two -dimensional structures was greatly 
aided when Cantwell (1960) introduced the concept of the 
impedance tensor. The numerical solution of Maxwell's equations 
for two-dimensional structures by Swift (1 967) and more 
recently by Wright (1970) and Jones and Price (1970) was a 
further milestone in the interpretation of M-T data. Madden 
and Nelson (1964) showed that the objections raised to the 
plane-wave source were not as serious as originally thought. 
In recent year s M-T results have been shown to be highly 
perturbed by near-surface effects. Dyck and Garland (1969) 
ill~strated by model experiments that local channelling of 
telluric currents induced over a regional scale can cause 
distortion and anisotropy . Vozoff and Swift (1965) 
reinterpreted the North German upper mantle anomaly in 
terms of conductive surface sediments and in a recent review 
article Garland (1971) emphasized that with increased 
knowledge of surface sediment conductivities , more 
anomalies, previously attributed t o the uppe r ma ntle, are 
being re-interpreted as crustal . 
5 
In spite of significant instrumental , interpretational, 
and theoretical advances magnetotelluric results, on the 
whole, have been very scattered and, thus, difficult to 
interpret to yield a consistent, unified picture of t he 
world-wide conductivity s tructure of the crust and upper 
mantl e . The ubiquitous anisotropy, or separation of the 
measured appar ent resistivity curves, has further 
accentuated the tlifficulties, however, a f e w general 
conclusions have been reached: t he electrical conductivity 
structure o f the earth appears to consist of a conductive 
zone near the s urface, becoming more resistive with 
increas ing depth and once again becoming more conductive 
at depth. Underneath tectonic zones such as geosynclines 
the structure is generally more conductive than under 
stable platform areas. It has a lso been shown that the 
electrical conductivity of the upper mantle is laterally 
far more inhomogeneous than previously suspected . 
4. Magnetotellurics in Australia 
Relatively few magnetotelluric experiments have been 
carried out in Australia, although simultaneous magnetic and 
telluric observations were first made on the continent as 
early as 1922 (Gish 1923, Gish and Rooney 1928). In the 
following decade the measurement of telluric currents was 
also commenced at the Mt. Stromlo Observatory in the 
Australian Capital Territory for monitoring magnetic storm 
-
activity. otherwise t h e M-T work recorded in Australia 
is of quite r ecent origin. Lewis and Green (1965) 
reported an ins trumental experimen t a nd Everett and 
Hyndman (1967) published results for four soundings on 
the West Australian Prec ambrian shield. One sounding i n 
southern Queensland has b e en reported by Whitely and 
Po l lard (1971) and the method has also been tested by 
petroleum exploration companies searching for conductivity 
contrasts in sedimentary basins (Australian Aquitaine Co., 
19 68) . 
5. The Experiment 
6 
The purpose of th is thesis study was to extend the 
knowledge o f the electrical conductivity structure of the 
Australian continent by magnetotelluric experiments, and 
in so doing, to illuminate some of the inherent problems of 
the M-T method. The study consisted of t wo separate 
exercises yielding a traverse of 13 stations across the 
principal geologic features of south-eastern Australia. 
A preliminary experiment of four M-T sites crossing the 
Tasman Geosyncline was conducted from October, 1969 to 
April, 1970. The second experiment, preceded by a field 
testing of three portable telluric instruments in the 
Canberra vicinity, consisted of occupying nine" telluric 
sites in conjunction with a magnetometer array study 
(Gough et al, 1972a) stretching 1000 km across the Ade laide 
Geosyncline in southern Australia from September to December, 
1970. The telluric and magnetic data were combined to 
7 
perform a magnetotelluric interpretation of the electrical 
conductivity structure in southern Australia . Figure 1.1 
shows the locat i ons of the 13 sites reported in this thesis 
as well as the locations of all other published Australian 
M-T soundings. In addition, the main geologic features 
of the continent are depicted. The two experiments differed 
f rom each other in several essential aspects such as 
instrumentation, analysis of the data and methods of 
interpretation . For this reason they are reported in 
separate chapters. 
The first experiment was undertaken in order to study the 
electrical conductivity structure under tectonic regions 
such as geosynclines. The second experiment was of interest 
for two reasons: firstly, the magnetometer array joined two 
contrasting areas: the Precambrian shield to the west and 
a succession of younger rocks to the east. A study of 
Australian seismicity in terms of plate tectonics has 
suggested that the Adelaide Geosyncline separates two 
adjacent blocks, thus, it is a region of topical geophysical 
interest. Secondly, the experiment offered an excellent 
opportunity to study some of the inconsistencies of the 
M-T method. The Australian outback provides a laboratory 
generally free of any cultural electro-magnetic noise, and 
in addition there is little topographic variation to perturb 
the telluric currents. Most important, however, was the 
opportunity of performing a magnetotelluric traverse in 
conjunction with a magnetometer array for the first time. 
The data from the magnetometer array would provide an 
important control on the variation of the source field . 
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Figure 1 . 1 Locations of magnetotelluric measuring sites. Squares indicate 
sites reported in this thesis and circles indicate previously 
reported measurements. Geosynclinal regions are marked by diagonal 
stripes and the dotted line represents the conjectured easterly 
extension of Precambrian rocks (after Jaeger, 1970). 
00 
In addition, the comparison of the M- T solution to the 
model obtained independently by the magnetometer array 
study would provide an important verification or rejection 
of the magnetotelluric method . 
9 
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Chapter Two 
Magnetotelluric Theory 
1. General Theory and Concepts 
In magnetotelluric theory , as in the study of any 
electro-magnetic phenomena, Maxwell's equations are t he 
foundation. The theory utilizes the boundary c onditions 
forced on the electri c and magnetic fields when an e lectro-
magnetic wave propogate s from a source through the air and 
impinges on the earth's surface. The solutions for various 
sources and conductivity structures have been given by a 
number of authors (Wait 1954, Price 1962, Srivastava 1965) . 
Maxwell's equat ions are 
\7 .0 = s 
\7.E = 0 
\7xE + aE at = 0 Faraday's Induction Law (2.1 ) 
aD \7xH - at = J Ampere's Circuital Law (2.2) 
where 
o = electri c displacement vector 
~ = electric field intensity vector 
E magnetic induction vector 
H = magnetic field intensity vector 
s = free charge density 
j electr ic current density vector 
t = time 
11 
Here and throughout thls thesis , unless otherwise stated , 
the units are rationa lized MKS and the usual geomagnetic 
coordinate system of X (north), Y (east) and Z (vertically 
down) is employed. For the geophysically interesting case 
of the earth , one can put 
s = 0, 15 et::, B = ).1 11, J a t:: , ).1 = )..10 
where s is permittivity , )..I is permeability , ).10 is the 
permeability of free space and a is the conductivity and is 
assumed , in this case, to vary only with the depth , z . 
Taking the curl of Equation (2 . 1) and substituting from 
Equation (2.2), 
(2 . 3) 
Using the vector identity 
'lx'lXA 
Equation (2 . 3) becomes 
It is necessary to show that 'l . t:: = 0. Taking the div of 
Equation (2 . 2) and using the fact (to be shown) that 
aD l' 'bl displacement c urrents, t' are neg 19l e , 
'l . (at) = 0 , 
or a(V.t::) + E 
z ° , 
since the conductivity 1S a function of z only. Current 
flows with a component normal to the surface are possible, 
but cannot be produced by electromagnetic induction from 
outside the conductor (Price, 1950), thus, 
E = ° and V.t:: ° z 
12 
If the additional assumption is made that the electric 
field is polarized, E = (O ,E ,0 ) . Equation (2.4) becomes y 
° 
(2.5) 
To facilitate analys i s using Fourier transforms it is 
I 
+i'wt 
convenient to introduce a harmonic time variation, e 
then the field components are R = Roe i wt , t:: = t:: o e i oot where 
00 is angular frequency, t is time and R
o
' t::o are constant 
with respect to time. Equation (2.5) becomes 
ioo~a E + 00 2 ~ E E = ° Y Y (2.6) 
It will now be shown that inside the earth (W2~E) is 
negligible compared to (ioo~a). Ih free space, since a = 0, 
the situation is reversed. 
E: The permittivity of rock at its highest can 
only be that due to water from porosity, that is 
E = 81 E ,where E 0 = 9 x 
10-12 farads/m 
0 
a: The highest reslstivities encountered in M-T 
are about 10 5 ohm-m. 
w: The periods used in this study were all greater 
than 10 sec. 
Forming the ratio of the terms, 
T (J 4 
= 10 
2 1TE: 
EVen for the least favourable case, w~a is 10 4 times 
13 
greater than W2~ E, and hereafter the latter term is neglected. 
From a comparison of Equat i ons (2.4) and (2.6) it can be 
seen that this is equivalent to putting the displacement 
current, aD/at , equal to zero and the latter equation becomes 
a2 E a2 E 
y + Y = iw~a E ~a-x~2~ ~a-z-2~ y 
It is assumed , because of the geometry of the electrojets , 
that there is no variation in the y direction , that is, 
a/ay = O. This is a second order partial differential 
equation and is soluble by the separation of variables, 
putting 
E =Z(z)X(x) y 
and substituting into Equation (2 .7 ) , 
where c 2 i w~a 
Thus, 
k a separation constant 
The solutions to these slmultaneous second order partial 
differential equations are 
x = AI cos kx + BI Sln kx (2 .8 ) 
where 8 2 
The solution must possess an even symmetry through the 
source, usually the auroral electrojet, so that Equation 
(2 .8) for X becomes 
X = AI cos kx 
and the solution for one spectral component k is 
E 
Y 
- 8 z 8 z (A e + Be) cos kx (2. 9) 
and A and B depend on both the source and conductivity 
structure. The parameter, k, has dimensions of (l/length) 
and can be considered the wave number of the source. It 
is seen that the amplitude decays exponentially with depth 
and Equation (2.7) is therefore a diffusion equation . 
14 
The orthogonal component H can be calculated by combining 
x 
Equation (2.1) and Equation (2.9). 
H = 
x 
l~ 
i w).l az 
1 - Sz Sz 
= { - SA e + SB e } cos kx iw).l 
At the surface of the ground, z o and 
E 
-X= H 
x 
i w).l (A+B) 
e {B-Af- surface i mpedance 
(2.10) 
(2.11) 
Before proceeding wi th a layered case , it will be 
instruc tive to consider a uniform half space. Then, in 
Equation (2.11) B is put to zero, otherwise E and H go y x 
to infinity as Z gets ~ncreasingly large. This is 
analogous to having no reflected wave . 
E 
-X (Z 
H 
x 
0) = -iw).l 
- S-
-iw).l 
(2 . 12) 
It is obvious that the source dimension , k , plays a role 
in the surface impedance and consideration must be taken 
of it . When Cagniard (1953) derived these formu lae he 
assumed that k = 0, that is, that the source is infinite 
in extent. This assumption has caused considerable 
15 
controversy and wi l l be discussed more fully in Chapter 
6. Assuming k = 0 Equation (2.12) becomes 
E 
-.5..= H 
x 
P = 1 
wu 
and 
E 1J. 12 
H 
x 
(2.13 ) 
Converting to the "practical" units usually used in 
magnetotellurics 
P = O. 2T (2.14) 
where E is in mv/ km, H is in gammas (or, complying y x 
with the International System metric units, nano-Teslas), 
T is the period in seconds and p is the resistivity in 
ohm-m. Equation (2.14) is Cagniard's famous result and 
is used almost universally in magnetotelluric 
interpretation. The Fourier transforms , at a particular 
period, T , of the recorded magnetic and telluric data 
provide the values of Ey and Hx in Equation (2.14) and, 
thus, apparent resistivities are calculated at a number 
16 
of periods. The apparent resistivity is the resistivity 
of a homogeneous half-space which would yield the same 
E IH value as the actual model under consideration at y x 
that partlcular period. 
Another useful concept in magnetotelluric theory 
is skin depth, or the depth of penetration at which the 
amplitude has decreased to l i e of its surface value. 
Again assuming a uniform half-space and k = 0 Equation 
(2.9) becomes 
E = A exp(-8z) y 
1 
= A exp [-(w~o/2)T.z].exp[-i(w~o/2)T . z] 
It is seen that the electric field attenuates to l i e of 
1 
its surface value at a depth of Z = [2/(w~O)]T, which is 
defined as the skin depth. The depth of penetration of 
an electro-magnetic wave is proportional to the 
, 
(period)T and inversely proportional to the 
(conductivity)T. 
2. Layered Conductivity Structure 
For the purposes of interpretation, it is a common 
practice to construct master apparent resistivity curves 
for a plane earth with arbitrary layer thicknesses and 
17 
18 
conductivities. To solve the electro-magnetic equations 
for a layered earth Equat~ons (2.9 ) and (2.10) are 
combined to yield the impedance relation for any depth 
inside the conductor, 
E - 8z 8z ~ - iw (A e + B e 
H = tr - 6z 8z) 
x A e - B e 
(2 .15 ) 
th 
In the m layer at a depth zl the above is written as 
- 8 Z 8 Z =-iw~ ( ~ e m 1 + B e m 1) 
--8- - 8 Z 8 zl 
m e m 1 - B e m 
(2.16 ) 
where 8 2 = k 2 + ~ w~ a and a is the conductivity of themth 
m m m 
layer, and Z (zl) is the ~mpedance at a depth zl' 
Equation (2.16) can be rewr~tten as 
iw~ + 
= -8 - coth (8
m
Zl - In (AIB) ) 
m 
(2.17) 
th Similarily the impedance at z2 in the m layer where z2 
is less than zl is given by 
iw~ + 
--8- coth (8
m
Z2 - In(AI B) ) 
m 
(2.18 ) 
substituting the value of Al B from Equation (2.17) into 
Equation (2.18) yields 
h l , the depth to the first layer, 
Z (0) 
Since E ,H are continuous across interfaces, Z is 
x y 
continuous and, thus, Z(O) can be expressed in terms of 
Z(hl ), Z(hl ) in terms of Z(h 2 ) and so on until finally, 
Z (0) 
etc. •..... ] (2.19) 
19 
In constructing theoretlcal master curves it is only necessary 
to calculate the impedance for the bottom half-space using 
Equation (2.12) and then to iterate upwards through each of 
the layers until the surface using Equation (2.19) . It is 
obvious that the surface impedance is a function of the 
layer conductivity, layer thickness, and frequency as well 
as the source dimension , k. Portfolios of master curves have 
been calculated by this method for various layered models 
and source dimensions, see for example, Srivastava (1967) . 
Magnetotelluric interpretatlon then proceeds by comparing 
experimental apparent resistivity curves to the master 
curves until a satisfactory fit is achieved. 
Interpretation may also proceed, for the horizontally 
layered case, by directly inverting the M-T data . Techniques 
for direct inversion have been presented by Nabetani and 
Rankin (1969) and Laird and Bostick (1970), however, the 
method has not been attempted ill this thesis . 
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3. Two Dimensional Conductivity Structures 
One of the more r e cent advances in magnetotelluric 
analysis has been the numerical solution of Maxwell's 
equations for two-dimens10nal conductivity structures . 
Swift (1967), by analogy to transm1ss10n line equations , 
developed a fin1te d i fference scheme utilizing lumped 
circuit impedances over a transmission surface. This 
technique was programmed by Wright (1970) and used to study 
models of the Rh1ne graben . The method used in this thesis 
is that of Jones and Pr1ce (1970). Programs were published 
by Jones and Pascoe (1971) for a two-dimens10nal 
inhomogeneity buried in a uniform surrounding medium , and 
Pascoe and Jones (1972) published computer programs for 
two - dimens10nal layered conductivity structures with 
imbedded inhomogeneit1es , where the conductivity at great 
distances to either s1de of the embedded body need not be 
the same. These programs were used to model the data in the 
main experiment of this study, so a brief outline of the 
techn ique is presented below. 
Assuming the two - dimensional s trike is in the x 
direction , with the coordinates used in the previous sections , 
Maxwell ' s equations can be expanded to yield 
(2 . 20 ) 
(2 . 21) 
aE aE 
z -.:;L 
ay - aZ 
aE 
x 
az = 
- iWlJ H 
x 
- aE 
x 
ay = - i WlJ H z 
aH aH 
z -.:;L = ay - aZ a E x 
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(2 . 22) 
(2.23) 
(2.24 ) 
(2 . 25) 
a5 It is assumed that at = 0 and that the time variation is of 
+i wt 
the form e Equations (2.20) , (2.21) , and (2 . 22) involve 
only the field components H , E , and E and by substitution 
x y z 
yield 
H 
x 
where n 2 (2 . 26) 
If the magnetic field is polarized , (H , 0 , 0), then the 
x 
solution of Equation (2 . 26) in conjunction with Equations 
(2.20) and (2.21) yields all the electric and magnetic field 
components . 
Similarly , Equations (2 . 23) , (2 . 24) , and (2 . 25) 
involve on l y E , H , and H and combine to form 
x y z 
E 
x 
(2 . 27) 
Considering a polarized electric field, (Ex' 0, 0), 
Equations (2.27), (2.23) and (2.24) produce solutions for 
the complete electro-magnetic field. 
The conductivity structure is modelled by a grid of 
variable mesh dimensions in which each rectangular unit 
must be of uniform conductivity but not necessarily the 
same conductivity as other units. Equations (2.26) and 
(2.27) are solved separately over the grid as each has 
different external boundary conditions. The particular 
equation is separated into real and imaginary parts and 
expanded using Taylor's theorem to express derivatives 
22 
in finite difference form. The expanded equations must 
satisfy internal boundary conditions between rectangular 
units of differing conductivity over the entire grid. An 
arbitrary field is applied at the top of the grid and then 
the boundary conditions are determined along the sides and 
bottom. To begin, field values are interpolated from the 
peripheral values across the entire grid and, thence, the 
solution is obtained from an application of the Gauss-Seidel 
iterative technique. The remaining field components are 
determined by an appropriate finite difference derivative 
along the surface. Different programs are used for the 
~ polarized and B polarized cases. 
4. The Impedance Tensor 
For uniform, horizontal layering, the apparent 
resistivity values calculated from one component of the 
electric field and its orthogonal magnetic component should 
be the same as those computed from the other pair of field 
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values. However, it is not at all unusual for the values 
to differ significantly causing one of the major problems 
in interpreting magnetotelluric data. Qualitatively this 
may be explained by the electric current, preferring to 
flow in a more conductive medium, may flow in a direction 
controlled by a laterally varying conductive structure, 
rather than perpendicular to the magnetic field as expected. 
Cantwell (1 960) formulated a procedure for studying such 
anisotropic effects and defined the impedance tensor, 
by the equation 
z .. , 
1J 
(2.28) 
That is, the electric field in one direction may depend on 
the magnet i c field variations parallel, as well as 
perpendicular, to its direction. Under such circumstances 
the apparent resistivities calculated by the Cagniard 
method may vary with time as the polarization of the 
magnetic field changes. 
For a laterally homogeneous earth, the impedance 
tensor is given by 
(2.29) 
which yields the standard results, with the two apparent 
resistivity determinations identical. 
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If the ground is two-dimensional and the measuring 
axes are aligned wi t h t he strike , the impedance tensor 
becomes 
(2 . 30) 
It is apparent that if a two - dimensional conductivity 
structure is present , it is only necessary to 
computationally rotate the measure d impedance values until 
Equation (2.30) results . For Cartesian axes and a rotation 
of e degrees , the transformed field components are given by 
~ , = A E A sin 
:) (co~ e 
-Sln El 
whe re 
cos 
For a transformation such that E ' = Z ' H', 
Z ' = A Z A- l 
In expanded form this is given as 
2 (Z 12 Z2l) sin e e + Z22 sin 
2 8 Z ' 1l = Zli cos 8 + + cos 
2 
Zll) sin e e sin 2 e Z ' 12 = Z12 cos 8 + ( Z22 - cos - Z2 l 
25 
Z'21 Z21 
2 8 + (Z22 Z 11) sin 2 == cos - 8 cos 8 - Z12 sin 
Z'22 Z22 
2 8 (Z12 + Z 21) == cos - sin 8 cos 8 + Zll sin 2 
(2.31) 
Generally the rotation does not yield zero diagonal elements 
but only minima. In spite of this, successful two-
dimensional interpretations have been carried out (for 
example, Bostick and Smith, 1962). 
The skew coefficient is a parameter which measures the 
two-dimensionality of the data and is defined as 
skew == 
Z'll + Z'22 
Z'12 - Z' 21. 
(2.32) 
It is clear from Equation (2.31) that both the numerator 
and denominator are invariant under rotation. For a 
two-dimensional structure the numerator should go to zero; 
the denominator normalizes the skew. 
If an impedance tensor measured over a two-dimensional 
conductivity structure is rotated away from its principal 
axes, then the resulting impedance can be determined by 
cqrnbining Equations (2 . 30) and (2 .31) to give 
Z ' -- Z 2 8 Z . 2 8 12 12 cos - 21 Sln 
, 2 8 . 2 8 Z 21 == Z21 cos - Z12 Sln 
sin 28 
2 
8 
8 
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Z'22 sin 6 cos 6 = - (Z12 + Z21) sin 26 2 
Z ' ll = - Z'22 for all rotations and therefore the skew is zero 
over a two-dimensional structure regardless of the 
orientation of the orthogonal measuring axes. A convenient 
way of representing impedance tensor elements is by polar 
plots where the absolute value and rotation angle are 
represented by the radial distance and azimuth respectively. 
In the case of Z'll and Z'22 the absolute values are 
controlled by the function s i n 26 as the rotation angle, 6 , 
varies from 0 to 2n and the polar plots have four distinct 
lobes. The off-diagonal tensor elements Z'12 and Z'21 are 
11 d b mb·· f ' 2 6 d 2 6 d contro e y a co lnatlon 0 Sln an cos an 
produce a two-lobed polar plot. An example of polar plots 
for a two-dimensional impedance tensor is shown in Figure 
2.1 for Zll = Z22 = 0, Z12 = (-.4, -.4), Z21 = ( . 1, .1). 
Polar plots calculated from measured impedance tensors have 
been used, particularly by Russian workers (for example, 
Berdichevskiy , 1970), as a criterion for two-dimensional 
conductivity structure . 
~ 
0.2 
Figure 2 .1 Polar plots for an ideal two-dimensional 
impedance tensor. Dots represent Z12 values 
crosses Zll values. 
and 
For structures where the conductivity is a function 
of all three space c oordinates, solutions f or the 
impedance values are not possible. However, Sims and 
Bostick (1969) have made some generalized, theoretical 
statements concerning the impedance tensor for a 
three-dimensional case. 
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Chapter Three 
Preliminary Experiment 
1 . Introduction 
The preliminary experiment consisted of four 
magnetotelluric soundings carried out in the latter half 
of 1969 and the first several months of 1970 in order to 
determine the electrical conductivity under the major 
geological structure of eastern Australia, the Tasman 
Geosyncline . As reliable data were procured only in the 
period range of 10 3 to 10 4 sec, the exercise was one in 
deep sounding, looking for electrical conductivity 
structure in the upper mantle under the geosyncline . 
The Tasman Geosyncline is a wide linear structure, 
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on the eastern side of the Australian continent. It holds 
the Australian Alps and the Main Dividing Range and so 
supports the major topographic features of Australia. Its 
situation , as well as the four recording sites, is marked 
in Figure 3.1 . At the position of the magnetotelluric 
traverse, the geosyncline is approximately 250 km in 
width. Thus, the station at Moruya (MAD) is on one side , 
Spring Valley (SVY) is near the crest of the structure, 
Wagga Wagga (WAU) just past the western edge and Griffith 
(GRF) is well beyond the western boundary . 
The syncline consists of belts of rocks of Ordovician 
to mid-Devonian ages, folded and metamorphosed . A major 
unit is the granite batholith which forms Mt . Kosciusko 
(2 , 219 m) , the highest point of the Australian continent . 
I 
o 
Figure 3.1 Sketch map of south-east Australia, showing 
the four observing sites, and the position of 
the Southern Highlands Fold Belt of the 
Tasman Geosyncline. 
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The geology of the region is described in more detail by 
Packham (1969) , who uses the term "Southern Highlands 
Fold Belt" to describe the portion of the Tasman 
Geosyncline relevant to this study. Little is known of 
the structure immediately to the west of this fold belt. 
Outcrops are poor, and other than the surface mapping of 
a sedimentary basin, little else has been found. 
Evidence from seismic refraction studies (Doyle et al, 
1966) indicates that the crustal rocks are approximately 40 
km deep beneath the Canberra area, thinning to approximately 
20 km beneath the coast. Seismicity studies by Doyle et al 
(1968) and J.R. Cleary (personal communication) indicate 
that the Eastern Highlands within the Tasman Geosyncline 
are an area of active seismicity with a rather clear 
western boundary . This zone parallel s the coast and the 
seismicity has virtually ceased by Griffith and remains 
inactive throughout the Murray Basin. Not until the 
Adelaide Geosyncline, the most active region in Australia, 
does the seismicity return. 
Jaeger (1970) notes that there is a heat flow 
difference between the measured values of 1 . 1 - 1 . 2 
-2 -1 ~ cal cm s at Moruya on the coast, and 2.0 - 2 . 2 ~ cal 
-2 -1 . 
cm s at Spr~ng Valley and in the Snowy Mountains . 
Although the heat flow values in the Adelaide Geo s yncline 
- 2 -1 
region are also in the range 1.9 - 2 . 1 ~ cal cm s , no 
measurements have been made in the intervening area , which 
corresponds to the seismically inactive zone . It will be 
shown that these measurements are to be awaited with 
interest. 
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2. The Experiment 
During the period of September, 1969 to April, 1970 
four magnetotelluric stations were occupied in turn to 
form a traverse across the Tasman Geosyncline. The 
recording sites were Moruya, Spring Valley, Wagga Wagga , 
and Griffith and are shown in Figure 3.1. Table 3.1 lists 
the four sites, their code names, geographic coordinates 
and dates of operation. Generally six to eight weeks of 
reocrding at ea9h location, a period much longer than usual 
in M-T, resulted in sufficient activity for frequency 
analysis to be performed. 
Site Mnemonic Geographic Recording Coordinates Dates 
Moruya MAD 35 0 55'S Jan. 
1500 10'E Feb. 
Spring Valley SVY 35 0 16'S Sept. 
149 0 05'E Nov. 
Wagga Wagga WAU 35 0 09'S Feb. 
147 0 24'E Mar. 
Griffith GRF 34 0 19'S Mar. 
146 0 03'E Apr. 
Table 3 . 1 Code names, geographic coordinates 
and recording dates of the M-T sites . 
14 
10, 
26 
18, 
18 
11, 
17 
25, 
to 
1970 
to 
1969 
to 
1970 
to 
1970 
The instrumentation for measuring the geomagnetic field 
consisted of a modified proton precession magnetometer which 
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recorded the three orthogonal field components, H-magnetic 
north, D-magnetic east, and Z-vertically down to a ~ accurcay 
of + 1 gamma. Three lead electrodes were buried at a 
depth of 1 m to form an L-shaped array aligned to magnetic 
coordinates, with each arm about 400 m in length. From 
this array the telluric potentials were measured to an 
accuracy of ± 0.1 mv by a digital voltmeter. The magnetic 
and electric readings were recorded digitally on paper tape 
at 60 sec intervals. The system was completely automatic 
and only required a change of paper tape every three days; 
it is fully described by Everett and Hyndman (1967 ). 
3 . Analysis - Power Spectral Method 
The magnetotelluric data was decoded from the paper tape 
using a CDC 3600 computer at the Commonwealth Scientific 
and Industrial Research Organization, Canberra. Analogue 
Calcomp plots were formed and three sets of activity were 
chosen to be analyzed for each site. These are listed in 
Table 3.2. The criterion of their choice was "power" 
content and, thus , at least one magnetic storm was included 
at each location. The data of interest were transferred on-
to punched cards and the remainder of the data analysis was 
performed with an IBM 360/50 computer at the Australian 
National University Computer Centre . 
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Site Event 1 Event 2 Event 3 
Moruya 1970 1970 1970 
Jan. 30 0500* Feb. 2 0100 Feb. 4 0600 
Feb. 1 0500 Feb. 4 0330 Feb. 6 0100 
Spring Valley 1969 1969 1969 
Oct. 10 0100 Oct. 24 0200 Nov. 8 1700 
Oct. 10 2300 Oct. 25 0600 Nov. 12 0500* 
Wagga Wagga 1970 1970 1970 
Feb. 18 0100 Feb. 24 0100 Feb. 28 2100 
Feb. 19 1000 Feb. 25 1200 Mar. 2 1800* 
Griffith 1970 1970 1970 
Mar. 31 0600 Apr. 18 0800 Apr. 20 1100 
Apr. 1 0500 Apr. 19 1800 Apr. 22 1500* 
Table 3.2 Dates and times (G .M.T. ) of events 
chosen for analysis. Asterisk indicates 
the representative event. 
In applying the magnetotelluric method to compute the 
apparent resistivity of the earth, Cagniard's formula, 
given in Equation (2.14) is utilized. 
(3 .1) 
where p is the apparent resistivity in ohm-m, T is the 
a 
period in sec, B is amplitude of the telluric component B 
in mv/km at the period T, and H is the amplitude of the 
magnetic component H in gammas at the period T. The 
convention is proposed that the electric potentials 
recorded in the magnetic north and east directions be 
denoted by A and B respectively, and it is suggested that 
34 
in future this notation become standard in the magnetotelluric 
literature . The major difficulty lies in procuring Band H 
as functions of the period T. Although other methods are 
available such as filtering (Hermance and Garland, 1968), 
or directly measuring quasi-sinusoids (Srivastava et al, 
1963), the power spectral technique has become standard in 
the last decade. Cantwell (1960) has considered the 
magnetotelluric field components as samples of a stationary, 
stochastic process and applied the numerical methods of 
Blackman and Tukey (1958) to the data. He showed that 
Equation (3.1) may be written as 
where P
a 
and T are defined as previously. PBB is the auto 
power spectral density of the telluric component Band PHH is 
the auto power spectral density of the magnetic component H. 
Similar equations as (3.1) and (3.2) apply for the other 
orthogonal pair of field components, A and D. 
The spectral analysis is based on the assumption that 
M-T data are from stationary processes with zero mean value. 
If this is not so, then the power spectral density function 
will exhibit a large peak at zero frequency which will distort 
estimates at other frequencies . A correction is also 
applied to remove any linear trend. If the data record is 
available as N digitized amplitude values, x(t), t = 0, 1, 
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.... , N-l, obtained at equally spaced time interv als, 6 , 
then the corrected time s eries is given by (Bendat a nd 
Piersol, 1966, p.301) 
x{t) = x{t) - M - a. 6 . (t + 1 - N/2) (3. 3) 
where x{t) discrete time series values, corrected for 
average and linear trend 
x{t) = uncorrected discrete time series 
M (liN) N-l x (i) sample mean value = = i~O 
N = total number of data points 
b = largest integer less than or equal to N/3 
1 IN- l b-l x (i) I a = b{N-b) i~N-b-l x{i) - i~O 
average slope as determined by the first b 
and last b data points. 
The Fourier transform (FT) is an integral part of the 
analysis method and is defined, for the infinite case, as 
00 
x (w ) = f 
- 00 
( ) e -iwt dt x t 
where wand t are the continuous variables angular frequency 
and time respectively and w = 2nf. However for finite, 
discrete, equispaced series the definition is modified to 
N-l 
X(f) = [ x(t) exp (-2 n itf/ N) 
t=O 
(3 .4) 
for a series x{t), t=O,l, .... ,N-l, and now f is the discrete 
frequency counter and refers to f/N cycles per ~ sec. 
Also t is now the discrete time counter and refers t o t. ~ 
1 
sec and i = (_1)7. Throughout these calculations, the 
Fourier transforms were computed by the fas t Fourier 
tran sform (FFT) method as programmed by E.A. Rob i nson 
(1 9 67, p.62) . In order to use the FFT technique, the 
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number of data points, N, must be an integral power of t wo 
k (i . e . N = 2 , where k is an integer), and this was achieved 
by the addition of an appropriate number of zeros. 
The auto and cross correlation functions were calculated 
by the indirect method (Gentleman and Sande, 1966) of inv e r s e 
Fourier transforming the un smoothed power spectra rather t han 
by summing lagged products . If fast Fourier transforms are 
used , this has the advantage of being computationally more 
efficient. The cross correlation , R (T), of two time series 
xy 
x(t) and y(t) is defined as 
R (T) 
xy 
1 N-l 
= N { ~ X*(f) . Y(f) exp (2 n ifT/N ) } 
f=O 
where X(f), Y(f) are the discrete FT of x(t) and y (t) 
(3 . 5) 
respectively , * indicates complex conjugation, T = O,l, ... ,m 
is the lag, m is the maximum lag and is taken equal to or less 
than N/10 and the other symbols have been previously defined. 
The auto correlation, R , is calculated as in Equation 
xx 
(3.5) but with Y(f) replaced by X(f). 
The raw correlation functions were then smoothed in the 
lag domain using the Parzen window (Richards, 1967) in order 
to reduce statistical variance . The Parzen window is 
given by 
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W(T) 1-6 (T/m) 2 + 6(T/m)3 T ~ m/ 2 
:::; 2 [1- (T/m)] 3 m/2 < T ~ m 
:::; 0 T > m 
where T is the lag and m the maximum lag. Although this 
window reduces statistical variance it does so by an 
appropriate sacrifice in spectral resolution. This smoothing 
is pictured in Figure 3.2 where W(T) is plotted against T. 
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Figure 3.2 Parzen lag window as a function of the lag,T, 
for a maximum lag of 10. 
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Power spectral densities are obtained by taking the 
FT of the smoothed correlation functions. The auto power 
of the series x(t) is given by 
P (f) = 
xx 
m 
L 
T=-m 
R (T) exp (-2 n iTf/m) 
xx 
(3.6) 
where R is now the smoothed auto correlation and f i s the 
xx 
frequency counter and refers to f/m cycles per ~ sec. Since 
the correlation functions are non-zero for both positiv e and 
negative lags it is important to extend the Fourier trans f orm 
to cover the whole range. This is an i mportant point and 
has been overlooked by a number of workers previously 
(Reddy (1968) , Peltier (1969), Tammemagi (1969) who hav e 
only summed the lags over the nonnegative v alues. Since 
R (T) is an even function, R (-T) = R (T), Equation (3.6 ) 
xx xx xx 
can be simplified to yield the real expression 
P (f) 
xx 
m 
2 L 
T=l 
R (T) cos (2 nTf/ m) + R (0) 
xx xx 
( 3.7) 
Similarly, the cross power density estimate is given by 
P (f) 
xy 
+m 
L 
T=-m 
R (T) exp (-2 n iTf/ m) 
xy (3.8) 
Since R (-T) 
xy R (T) , Equation (3 . 8) simplifies to yx 
m 
P (f) = {L [R (T) + R (T) 1 cos (2 n Tf / m) + R (o) } 
xy T=l xy yx xy 
m 
+ i { L 
T=l 
[R (T) - R (T) 1 
xy xy sin (2 n Tf/ m) } 
(3.9) 
Equation (3.7) was used to calculate auto power 
estimates, which were the n substituted into Equation (3.1) 
to yield apparent resistivity curves. Another parameter 
which was calculated is the coherence, coh, 
cohBH (f) I (P BB (f) • P HH ( f) ) T (3.10) 
The phase, ¢ , between the electric and magnetic fields, 
Band H, was also calculated using 
tan ¢BH(f) = Imaginary (PBH(f)) 
Real (P BH (f) ) 
To test the basic auto and cross power spectral 
computer programs, two artificial time series were 
(3.11) 
39 
generated to simulate an ideal electric and magnetic field, 
impinging on a uniform half space of resistivity 1000 ohm-m. 
The synthetic magnetic time series consisted of two chains 
of sine waves superimposed, one of 3000 sec period and 
amplitude 20 gammas, the other of 300 sec period and 
amplitude 20 gammas. The synthetic electric field also 
consisted of sine waves of 300 and 3000 sec periods but 
the amplitudes were calculated to give an apparent 
resistivity of 1000 ohm-m from Equation (3.1). To test the 
phase (Equation (3.11)) the 3000 sec component of the 
electric field was advanced by 0 . 4 rad (22.9 deg) relative 
to the 3000 sec component of the magnetic field and likewise 
the 300 sec component was 0 . 3 rad (17.2 deg) advanced. 
The results of analyzing the artificial time series by 
the computer programs are shown in Figure 3.3. It ~ s 
evident that the auto power, coherence, and phase are 
reliably estimated when the signal holds appreciable 
energy, that is, at periods of 300 and 3000 sec. However, 
away from these limited bandwidth areas the coherence 
does not go to zero, although it does decrease, and what 
appear to be valid phase and apparent resistivity values 
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are recorded. A very important criterion, then, in choosing 
valid magnetotelluric data is not only that coherence be 
high, but also that power be present at the frequencies in 
question. This factor will be seen to severely restrict 
the useable bandwidth of the analytical data presented in 
the next section. 
In the next section it will be seen that for periods 
less than 900 seconds the data was considered too scattered 
and unreliable for use. It was decided to test if prewhitening 
would improve the situation. In smoothing the power spectrum 
via the Parzen window it is tacitly assumed that there are 
no peaks vastly greater than the general level of the 
curve. This assumption is necessary since the smoothing 
function has a relatively wide bandwidth. As the power 
of the magnetic variation spectrum increases rapidly with 
period it was important to check if this increase biassed 
the smoothed power spectrum. To remove any spurious effects 
of smoothing it is necessary to find a function Q(f) whose 
graph is the inverse of the power spectral density, P(f), 
so that the product P(f) .Q(f) will have no exceptionally 
large peaks. The product is then smoothed and finally 
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l jl 
divided by Q(f) to return the "properly" smoothed P(f). 
There is a computationally more efficient method of 
achieving this effect. If a function D(t) with a 
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Ft , K(f), is convoluted with the original time series, 
x(t), this has the effect of multiplying the final power 
spectrum, P(f), by K(f) . K(f)*. (* denotes complex 
conjugation) If K(f) .K(f)* is chosen such that the product 
P(f).K(f).K(f)* is "flat" during smoothing, then the scheme 
of calculation will be to originally convolute the data 
x(t) with D(t) and in the end to divide the smoothed 
power spectrum by K(f) .K (f) *. 
Fortunately for the case where power is high at long 
periods the computation is relatively simple. For a 
mUltiplier 
K(f) .K(f)* = 1 + b 2 - 2 b cos ~ TI .f. ~) 
the convolution function is given by (Swinnerton-Dyer, 1963) 
D(t) = 8(t) - b.8(t-~) 
where 8 (t) is the Dirac delta function, b is a constant, and 
the other symbols have been previously defined. This 
convolution is equivalent to forming a new series 
x (i) = x ( i ) - bx ( i-I ) 
The function K(f).K(f)* is illustrated in Figure 3.4 for 
b = . 8 , along with a typical magnetic power spectrum 
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(SVY , event 2 , H). It is e v ident from the fig ure t ha t the 
product of K(f) . K(f)* a nd P(f) will be "flat". The 
prewhitening just described was applied to the SVY e vent 
H component and the results differed only by a few perc e nt 
from the unprewhitened data. Similar tests were run on 
telluric data with identical results. It was thu s 
c o ncluded that prewhitening was not a necessary part of 
the data analysis . 
4 . Results 
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At each site three separate magnetic events or periods 
of activity were chosen for frequency analysis. The times 
of recording of these events are listed in Table 3.2 and 
a typical event (event 1 for Moruya) is shown in Figure 3.5. 
All three events at each site were analyzed, and one event wa s 
selected as representative, and used for interpretation. 
The representative events were chosen on the basis of power 
content and high coherence and are indicated in Table 3.2 
by asterisks . 
The apparent resistivity, magnetic and electric auto 
powers, and coherence between orthogonal electric and 
magnetic field components were calculated as functions of 
period and are illustrated in Figures 3.6 and 3.7. It is 
shown in Figure 3 . 7(a) that below periods of approximately 
900 sec the coherence drops from about 0 . 8 to below 0.5; in 
this range the auto powers of the field components are also 
very small , as well as very scattered . Thus, on the basis 
of the testing carried out on the synthetic time series, 
it was decided that any data below the period of 900 sec 
2srnv/krnl 
100 ganunas 1 
1600z 2000z OOOOz 
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0400z 
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Figure 3.5 An example of the data recorded at the coastal station Moruya 
(January 30, 1970). 
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had too low a power content to be considered reliable. 
For interpretation, only the data to the right of t he 
slashed vertical line in Figure 3.6(a) were considered. 
The apparent resistivity and attendant auto power 
4 6 
and coherence curves for Spring Valley, Wagga Wagga, and 
Griffith show that, as for Moruya, the data of periods 
below 900 sec were unreliable; these data have been 
omitted from the figures. The coherences for Spring Valley 
are low but the apparent resistivity results are confirmed 
by the analysis of the other two events at that site, which 
have not been shown. 
The phase difference between the electric and magnetic 
fields was calculated from Equation (3.11) and plotted as 
a function of period. The results are generally too 
scattered for quantitative interpretation; an example is 
shown in Figure 3.8. There is, however, some qualitative 
correlation of phase with apparent resistivity at those 
sites which exhibit anisotropy, in that the greater phase 
difference data is caused by the same pair of orthogonal 
field components as cause the larger apparent resistivity 
curve. 
5 . Interpretation 
The apparent resistivity data obtained for each 
station were interpreted by fitting them to a set of 
theoretical master curves published by Srivastava (1967). 
The determination of the best fitting master curve was 
achieved solely by visual comparison with the field curves. 
Although Srivastava's master curves allow for the consideration 
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of the source slze (see Chapter Two, sect10n 2), 1t was 
assumed that the impinglng electromagnetic dlsturb 1ces 
were plane waves. Madden and Nelson (1964) have shown 
that this is a reasonable simpllfication for data 
recorded in geomagnetic mid-latitudes. As rellable 
experimental data are available over a perlod bandwldth 
o 
of little more than one decade, it would be meaningless to 
fit elaborate conductivity models. However, some conclus10ns 
can be drawn for resistivities at depths ln the lower crust 
and upper mantle. The four stations are now dealt wi th ln 
turn, taken from east to west. 
Moruya is on the coast, so the ocean may be expected to 
produce strong anisotropy in the results. This is indeed so 
and can be seen in the variograms of Figure 3.5, as well as 
in the apparent resistivity curves of Figure 3.6(a), where 
the H-B data yield higher reslstivities than the D-A data. 
This anisotropy is in agreement with the results of SWlft 
(1967) for electromagnetic behaviour near a simple two 
dimensional conductivity contrast. Figure 3.9 shows the 
schematic representation of apparent reslstlvlty curves as 
a function of distance from the contact of two contrast1ng 
quarter-spaces. It is seen that there 1S agreement 1f the 
north-south trending coastline structure is taken to be 
two-dimensional with the continental side more reslstlve. 
By comparison with the master curves, it was found that the 
data was most suitably fitted by a simple two-layer mode l 
Although a large number of varied models were acceptable, 
certain limits could be deduced. The resistlvity of the 
underlying half-space is fixed, although the resistlvlty 
,.. 
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and d e p t h of the first layer may vary; although the first 
laye r d e p t h 1 S v ar i a ble, it cannot exceed a certa1n maximum. 
Models were f o und f or each of the two different apparent 
resist ivi ty curves, producing two different conductivity 
models at this one site. This d1screpancy, or an1S0~Lupy, 
has long been a dilemma of magnetotelluric i nterpretation. 
Although different authors have dealt wi th it in various 
ways, it was felt that 1n this instance t he two dimensional 
contrast had bifurcated the apparent resistivity curves 
(see Figure 3.9 ) and, thus, a s i mple average would be 
reasonable. The final model consists of an upper layer 
of maximum thickness 10 km and resistivity equal to or less 
than 50 ohm-m, which is underlain by an indeterminately 
thick layer of resistivity approximately 225 ohm-m. This 
structure is shown in Figure 3.l0(d). 
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3.9 The behaviour of app arent resistivity on 
crossing a vertical contact separating media of 
differing conductivity_ The more resistive 
structure is on the right. The continuous 
resistivity curve i s for the electric field 
component parallel to strike. 
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The data for Spring Valley are more easily 1nterpreted 
as they show little or no an1sotropy. Again two-layer 
models are most suitable for fitting the field curves and 
although a range of electrical conductivity structures is 
possible, t he bottom layer res1st1v1ty again rema1ns fixed 
and the top layer t hickness and resistiv1ty cannot exceed 
certain maxima . The model consi sts of a top layer of 
maximum thickness 20 km and maximum resistiv1ty 
45 ohm-m, underlain by an 1nfinite half-space of resistivity 
approximately 225 ohm- m. It 1S lllustrated in Figure 
3.10 (c). 
The apparent resistivity curves for Wagga Wagga 
exhibit strong anisotropy as we ll as showing that the 
underlying conductivity structure is more complex than at 
Moruya or Spring Vall ey. Indeed the simplest models that could 
be fitted from the master curves were three-layered, 
indicating a conductive-resistive-conductive structure. 
Again a large number of models could be fitted to the data ; 
however, the depth to the bottom conductive laye r remained 
fixed. Although the top two layers could be varied both in 
depth and res istivity , the top layer always remained thin 
and conduct ive relative to the second. Models were chosen 
for each of the different apparent resist1v1ty curves and, 
as for Moruya, thei r average was taken to be the most 
reasonable interpretation . This is shown in Figure 3.l0(b). 
The model consists of a thin, conductive surface layer, 
which is underlain by a thick, resistive layer approximately 
400 km deep and of the order o f thousands of ohm- m in 
resistivity. Finally a conductlve medium of approximately 
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tens of ohm-m is reached. 
At Griffith, as at Wagga Wagga, the station is troubled 
by a n isotropy. Both the raw data and the analytic results 
for all the events analyzed, indicate an enhanced east-
west telluric signal. The apparent reslstivlty curves were 
very similar in shape to those of Wagga Wagga and were 
likewise fitted to three-layer models. A conductl e-
resistive-conductive model resulted with the depth to the 
bottom layer fixed , but the top two layers relatively variable. 
The average of the two anisotropic models was taken and is 
shown in Figure 3.10(a). The conductive-resistive-
conductive layering is very similar to the one chosen for 
Wagga Wagga except the depth to the bottom conductive layer 
is slightly greater, at 550 km . 
6. Geological Interpretation 
The severe llmltations lnherent in lnterpreting 
magnetotelluric data when anisotropy is present are, in this 
case, enhanced by the very limited bandwidth over which 
reliable data are available. For this reason there would 
be no justification for interpreting flne detail from the 
results of this experiment; there is, however, one basic 
and important fact clearly evident in the apparent 
resistivity curves for the four sltes which is accordingly 
reflected in the proposed conductivity models. This is , that 
the electrical conductivity is an order of magnitude greater 
under t he stations Moruya and Spring Valley than it is 
under Wagga Wagga and Griffith for depths in the range 
of a few tens to several hundred kilometres. This 
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corresponds to the electrlcal conductivlty belng higher 
under the Tasman Geosyncline Fold Belt than it i s under 
the area to the west of It. In view of the excellent 
correlation betwp.en electrlcal conductiv~ty and heat flow 
found in Colorado and Utah by Reltzel et al (1970), it is 
reasonable, ln this instance, to interpret that t he 
electrical conductivity contrast is also caused by a 
temperature dlfference. Utilizing the electrical 
conductivity-temperature relationships proposed by Tozer 
(1970), a contrast in conductl~lty of an order of magnitude 
at a depth of order 200 km wou l d indicate a temperature 
contrast of order 200 o C. That is, the upper mantle under 
the geosyncline fold b e lt should be hotter by several 
hundred degrees than the material at the same depth to the 
west. This enhanced upper mantle temperature may well be 
due to, or perhaps cause, the tectonic activity which has 
characterized the geosyncllne. 
The heat flow over the central part of the geosyncline 
has b ' I ' htl t th 2 ]J cal cm- 2 s - l een glven as s 19 y grea er an 
On the basis of this and other isolated heat flow 
measurements, the simple picture has arisen that the heat 
flow over the whole of south-eastern Australla is hlgh. 
However, ~here are no heat flow measurements in the area to 
the west of the geosyncline for several hundred mlles until 
another tectonic region, the Adelaide Geosyncline, is reached . 
It is quite possible that between these two geosynclines the 
heat flow may be lower . If the surface heat flow is related 
to the t emperatures at upper mantle depths, then the 
indication of this magnetotellurlc experiment is, that the 
heat flow should be lower I n the area lmmedlate ly to the 
west of the Tasman Geosyncline. 
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Chapter Four 
The Maln Experiment 
1. Introduction 
The main experiment conslsted of recordlng telluric 
potentials at 9 sltes forming a traverse a cross south 
central Australia. These were combined with magnetic data 
obtained by a simultaneously opera ted magnetometer array to 
yield a magnetotelluric solution for the underlying 
conductivity structure. The magnetotelluric experiment 
was made possible by the sabbatical visit of Professor 
D.I. Gough to the Australian National university accompanied 
by an array of 25 magne tlc variometers. Although the 
telluric and magnet ic projects were coordinated, the field 
trips were operated independently and on completion, copie s 
of the appropriate magnetlc variograms were made available 
to the author by Professor Gough's group . Thi s thes is 
deals intrinsically with the magnetotelluric analysis, and 
the magnetometer array result s are being published separately 
by Gough et al (19 72 a, 1972b) . However, because of the 
importance of an independent verification of the 
magnetotelluric results, sufflcient geomagnetic dep th 
sounding analysis was done with the array data by the 
author to confirm the conductivity anomaly f ound by the 
M-T method, and is reported in this thesis. 
2. Geology 
The area under study lies across the Adelaide 
Geosyncline joining the two contrasting regio ns on either 
side. To the west l ie s Precambrian shield and to the east 
a succession of gene r a lly younger rocks, however the zone 
of demarkation ~s not clear and occasional Precambrian 
outcrops have been found to the east. The two regions 
differ in heat flow, the eastern region havi ng a value 
generally higher than that of the west (Jaeger, 1970). 
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The travel times of seismic waves also show a difference , 
being greater to the east (Cleary et al , 1 97 2) . The Adelaide 
Geosyncline, marking the line of division , appears to be the 
southern e x tremity of a major crustal feature, t h e Fitzroy -
Spencer frac ture zone. Studies of Australian seismicity 
by Doyle et al (196 8) and others have been interpreted in 
terms of plate tectonics by Cleary and Simpson (1 971), 
who suggested that this f racture zone separates two ad j acent 
crustal blocks. The geosyncl ine was formed by a great orogeny 
in the late Cambr~an to Ordovician, of vast accumulated 
sediments ; at present the area is one of complexity and 
fracturing, and is a major source of seismicity. 
3. Instrumentation 
(a) Magnetometers 
The 25 array magnetometers were of the type described 
by Gough and Reitzel (19 6 7) . The inexpensive design has 
allowed the construction of large arrays of these 
instruments and thus revolutionized the field of 
geomagnetic variation studies. The principle of operation 
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is classical, with magnets suspended on t orsion fibre s 
deflecting light beams across photographic film. The 
three orthogonal magnetic elements H, Dr Z were recorded 
at 10 sec intervals to an accuracy of better than 1 gamma. 
The instruments were battery powered and ran unattended 
for periods of three weeks while hourly timing marks we re 
recorded automatically as deflections in t he t races by 
Bulova Accutron time ple ce s. Complete burial of the 
magnetometers and batteries provided thermal insulation as 
well as protection from vandali sm . 
(b) Te l luric Instruments 
Three identical telluric recording instruments were 
especially bui lt for th i s investigation. The Arucomp 4100 
recorder manufactured by Hartmann and Braun was found to be 
suitable, however, to make it portable for field use, it 
was necessary to modify the r ecorder, basically supplied 
for a 240 volt alternating current power supply, to operate 
from four 6 vo lt lead acid batteries. This was achi e ved by 
installing an oscillator and amplifier to provide power at 
50 hz and 8 v from the batteries and also by rewinding the 
synchronous motor whi ch drives the chart to match the 
impedance of the new power supply. with a chart speed of 
12 cm/hr and a maximum chart length of 32 m, the equipment 
runs unattended for ten days. The possib le six recording 
channels of the Arucomp were combined into a pair to 
measure the two components of the telluric field, A and B. 
The two signals are recorded on the same paper chart in 
different colours as a succession of dots by the same 
galvanometer movement. The dots are produced at 10 sec 
intervals for each channel by the galvonometer arm 
pressing down on a coloured ink ribbon. 
The potential difference is measured between three 
buried lead plates forming an L-shaped array with arms of 
500 m length. Input into the recorder is by way of a 
two-stage R-C filter to remove high frequency content in 
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the signal and thus prevent aliassing . There are three 
filters to provide for 10 sec, 30 sec or 60 sec digltizing 
intervals, as well as a non-filtering channel. A biassing 
voltage is incorporated to null the steady earth potentials 
ubiquitously encountered . Although this dc component is 
usually less than 100 mv , up to 450 mv (positive or 
negative) can be countered. The instrument sensitivity 
can be varied from 20 mv to 100 mv full scale deflection 
across a chart of 14 cm width; an accuracy of better than 0.2 
mv is achieved. Timing marks are recorded manually at the 
s tart and finish of the chart with the aid of a Bulova 
Accutron clock, synchronized to radio time signals. 
The technical details of the Arucomp telluric recorder 
are described in the Appendix. 
By recording geomagnetic phenomena of periods 30 sec to 
a few hours, the electrical conductivity of the crust and 
upper mantle can be studied. 
(c) Field testing the telluric instruments 
The instruments were bench tested in the laboratory 
during which time they were calibrated and their response 
to signals of various frequencies was measured . The field 
tests which followed produced interesting results on the 
variations of telluric potentials over short distances of 
about 15 km. 
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Three observing sites were occupied concurrently on the 
outskirts of Canberra for a period of three weeks. ~he 
sites, YRD, BCN, and HMN are shown in Figure 4.1 along 
with the major faul t zone s of the district. Canberra is 
free of heavy industry and offers relatively quiet areas 
within a reasonable distance and although the area is 
hilly, the sites were chosen in the flattest areas possible 
to avoid topographic perturbation of the telluri c currents. 
Typical relief relative to the sites would be a hill 
perhaps 200 m higher some 3 km distant. At each site the 
two components A and B were measured, each over a distance 
of 500 m, using lead plates buried in a salt (NaCl) 
solution. 
An example of the data recorded is presented in Figure 
4 . 2 , which shows a train of geomagnetic micropulsations 
superimposed on the telluric signal of a geomagnetic bay. 
It can be seen that the north components, A, are quite 
consistent, even though the sites are 15 km apart and 
separated by geographic features and geologic faults. On 
the other hand, the east components, B, vary from s ite to 
site. Although the basic morphology is similar, the B 
amplitudes vary, especially at long periods. The HMN B 
trace was troubled by cultural noise resulting in the high 
frequency fluctuations. 
A closer study of the data disclosed a very strong 
polarization of the field at YRD. Throughout the experiment, 
the YRD east and north variations were observed to be 
virtually identical to each other but of opposite sign. To 
test tha t t he polarization was caused by geologic rather 
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than instrumental factors, the recorders at YRD and HMN 
were interchanged. When the phenomenon persisted, two 
instruments were run simultaneously at YRD with the 
measuri ng arms aligned as shown in Figure 4.3. An 
example of the activity recorded by them is shown in 
Figure 4.4. Simple calculations using the ratios of the 
signal amplitudes confirm that the direction of polarization 
is along an ax i s 1220 -302 0 (magnetic) which is within 
several degrees of southeast-northwest (geographic). The 
direction of polarization at YRD is, thus, perpendicular to 
the trend of geological faulting in the area (see Figure 
4.1) . 
N 
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Figure 4.3 Plan of two instruments arranged to check the 
polarization at YRD. 
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Figure 4.4 An example of the data showing the polarization at the YRD 
site, August 25, 1970. 
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The interpretation that the fault pattern controls 
the polarization is most compelling and is accounted for 
if the fault planes are imagined to be very good 
conductors of electricity, perhaps due to ground water 
content. Then, by short circuiting any electric component 
directed along them, the lines of equipotential will be 
parallel to their strike, and a telluric signal will be 
recorded only at right angles to the geological faulting 
pattern. It should be noted that this is not always the 
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case; for example, Srivastava et al (1963) observed telluric 
polarization parallel to geologic lineations in Alberta. 
The extent to which a structural problem can be solved 
under circumstances such as these must, at present, be 
regarded as undetermined. There is a need for a theoretical 
investigation of the general current channelling problem, 
where a local inhomogeneity perturbs the field induced over 
a region of larger scale. This case history is similar, 
although on a smaller scale, to an experiment reported by 
Wescott and Hessler (1962) . They measured telluric potentials 
at 17 sites in a 10 mile radius near College, Alaska and 
showed that relative magnitudes varied by up to a factor 
o 
of five and that the principal directions ranged over 70 . 
They concluded that topography and near surface resistivity 
inhomogeneities influenced the telluric potentials and that 
measurements from a single isolated locality could be very 
misleading. 
It is concluded that the three Arucomp telluric recorders 
were functioning correctly. Furthermore , it was shown that 
local geologic faulting may perturb the telluric potentials 
to such a degree that interpretation on a regional scale, 
especially by such methods as magnetotellurics, may be 
seriously distorted. 
4. The Main Experiment 
The array of twenty-five magne tic variometers was in 
operation in south central Australia for approximately 
three months from mid-September to ear ly December, 1970. 
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By contrast all telluric observations were made with just 
three recording units. These were set up at the three 
easternmost stations of the line and run simultaneously for 
one month, then shifted westward to three new localities for 
the next month, and then finally moved once more. A total of 
nine stations were thus occupied forming a traverse which 
stretched 1 000 km from east of Wilcannia, N.S.W. to west of 
Coober Pedy, S.A. The stations are shown in Figure 4.5, 
together with the sites of the array magnetometers. Table 
4.1 lists the magnetotelluric sites, their code names, and 
their geographic coordinates, in addition to their dates of 
operation. The installation and operation of the telluric 
apparatus was independent of the magnetometer array 
maintenance. 
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0'1 
co 
Yelta Yel 31°56' S, 143°39' E Sept. 
Oct. 
Hazelvale Haz 31°46' S, 1420 16{ E Sept. 
Oct. 
Mulyungarie Mly 31°33' S, 1400 47{ 'E Sept. 
Oct. 
Waukaringa Wak 32°20' S, 139°21' E Oct. 
(Melton) Nov. 
Partacoona Par 32° Of's, 138° 9{'E Oct. 
Nov. 
Pimba (Woomera) Pim 31° 8' S, l36 0 48{'E Oct. 
Nov . 
Billa Kalina Bil 29°55' S, 136 0 l1{ ' E Nov. 
Dec. 
Ingomar Ing 29 0 38{'S, 134°48' E Nov. 
Dec. 
Tallaringa Tal 28 0 56{'S, l33 0 59{'E Nov. 
Dec. 
Table 4.1 Code names, geographic coordinate s 
and dates of recording of the M-T 
sites 
5. Analysis 
(a) Data Reduction 
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11 -
6 , 1970 
11 -
6, 1971 
9 -
7 , 1970 
8 -
3, 1970 
9 -
3, 1970 
10 -
4 , 1970 
5 -
4 , 1970 
6 -
3, 1970 
7 -
2 , 1970 
The magnetic film records and the telluric charts were 
visually inspected and seven sections were chosen for 
analysis. These are listed below with times inG.M.T. 
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Event No. 1 Oct. 4 , 1970 09:30 - 15:30 
2 Sept. 13 03:00 
3 Sept. 14 10:30 
4 Oct. 16 09:00 
5 Oct. 23 1 2 :30 
6 ~ov. 7 00:00 
7 Nov. 15-16 23:00 
Table 4.2 Dates and times of events chosen 
for analysis 
Figures 4.6(a) and 4.6(b) illustrate electric and 
- 17:00 
- 16:30 
- 22:00 
- 18:00 
- 16:00 
- 02:00 
simultaneous magnetic field data for three events. The 
particular data was chosen so that each section contained 
one or more complete transient events, such as substorms 
or bays. 
Enlarged Xerox prints were prepared from the chosen 
magnetic films and these, together with the telluric charts, 
were digitized by the author at 30 sec intervals. To avoid 
aliassing problems it was necessary to first smooth the 
high frequency events manually. The subsequent analyses 
were performed on an IBM 360/50 computer at the Australian 
National University Computer Centre. 
In the subsequent studies it was discovered that the 
electric and magnetic records were not timed, relative to 
each other, sufficiently accurately. This difficulty arose 
because the two electromagnetic fields had been recor&ed on 
H 0 
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ING / 
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7 ~ 30MIN. 
BIL /' 7 ~ 
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5 
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WAK 5 
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3 
HAZ 
3 
YEL 
3 
Figure 4.6(a) Simultaneous magnetic recordings in three stages across the 
array.H and D represent magnetic north and east respectively. 
The figures in the centre represent event numbers (see Table 4.2). 
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Figure 4.6{b ) Simultaneous telluric recordings i n three stages across the array. 
A and B represent the telluric north and east respectively.The figures 
i n the centre represent event numbers {see Table 4.2). -...J I\.) 
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different ~nstruments at d~fferent chart speeds. In 
addit~on the tellur~c records only had t~m~ng marks 
annotated at the start and f~n~sh of the ten day chart 
paper, thus making ~t very d~ff~cult to t~me events in the 
middle of the chart w~th an accuracy of better than about 
f~ve m~nutes . To overcome the ~nherent phas~ng problem, 
geomagnet~c m~cropulsat~ons were used as markers. These 
disturbances were suff~c~ently numerous and distinct~ve to 
correlate events of interest with an accuracy of about one 
m~nute . 
(b) Impedance Tensors by the Power Spectral Method 
The impedance tensor, as def~ned ~n Equat~on (2.28 ) is 
a very diagnost~c set of parameters, especially when the 
data ~s anisotrop~c or a two-d~mensional structure is 
suspected. As it was already clear from the raw data 
(see F~gure 4.6) that an~sotropy was present, ~t was 
dec~ded to focus the analys~s on the calculation of the 
~mpedance tensor elements. 
Impedance elements were f~rst calculated by the method 
of Madden and Nelson (1964 ). Expressing Equat~on (2.28) 
in index notation 
E (f) = Z (f).H (f) ~ ~J J (4.1) 
where E o and H o are Fourier transforms of the electric and ~ J 
magnetic field components respectively , Zij is the impedance 
tensor and f is the frequency . If Equation (4.1) is post-
mUltiplied by Hk*(f) (* denotes complex conjugation) and a 
Parzen smoothing applied, ~t can be expressed as 
-r -- - -=-
where P denotes a power spectral density and [ ] denotes 
a matrix. Thus, 
(4. 2) 
To calculate the matrix elements on the right hand side of 
Equation (4.2) standard power spectral estimates were used 
(see Chapter 3, section 3). 
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Impedance tensor elements were calculated, as functions 
of frequency for all nine sites using all the M-T events of 
Table 4.2 . The results for Yelta were representative of all 
the stations and are shown in Figure 4.7. The large and 
unpredictable fluctuations are difficult to attribute to 
physical changes in the solid earth, and in addition, the 
tensor values varied for different events at the one site. 
Skew coefficients were calculated for all the stations 
and these are tabulated in Table 4.3. The skew values are 
consistently greater than 0.75 as well as extremely 
scattered; at no site does it appear that a two-dimensional 
structure 1S present. In the face of these varied and 
unreliable results, it was decided to attempt another 
analysis method. 
Pe r iod ( s e c ) 
1000 500 250 
I Zxy l 
3 . 0 
2 .0 
1.0 
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xlO Fr~quency (Herz) 
Figure 4 . 7 The impedance tensor element~Zxy I , as determi ne d by the Power Spectral method 
for Yelta as a function of frequency. Units are (mv/ km/ gamma). 
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76 
Event TAL ING BIL Event PIM PAR WAK Event MLY HAZ YEL 
6 2.10 0 . 59 4 0.80 1.06 0.62 1 .94 .98 
7 1.43 1.05 0.84 5 1.28 2.04 1.08 2 1. 03 1. 00 
3 2.95 
Table 4.3 Skew values calculated by the power 
spectral method 
(c) Impedance Tensors by the "Hannan" method 
The follow1ng method for the calculation of impedance 
.63 
tensors is due to statist1cal theory of regression. (Hannan , 
1970, and E.J. Hannan, personal communication.) Fourier 
transforms, E (f) , E (f), H (f) and H (f) are obtained for 
x y x y 
the discrete time series of the electric and magnetic field 
components A, B, Hand D respectively using Equation (3.4) and 
the notations defined there. Consider only the frequencies 
included by the counter f = 0, 1, .... , N/2 as all others 
are greater than the Nyqui st (or folding) frequency and are 
perturbed by aliassing. This frequency range is divided into 
bands of m discrete frequencies each. Because of symmetry 
considerations the first and last band need only have m/2 
discrete frequencies, yielding a total of M = (N/2m) + 1 
bands. Matrices A (u), B(u) and C(u) are defined for the 
central frequency of the uth ' band (u = 2, ... , M-l) by 
1 l:I E (f) 12 
m x 
! l: (E (f).E * (f» 
m x y 
A(u) = 
! l:(E *(f).E (f» 
m x y ! l: I Ey (f) 12 
A (M) = 
! L: (E (f).H *(f» 
m x x 
B(u) = 
! L: (E ( f). H * (f ) ) m y x 
1 L:/ H (f) 12 
m X 
C (u) = 
! L: (H * (f).H (f» 
m X y 
! L: (E (f).H *(f» 
m x y 
! L: (E (f).H *(f» 
m y y 
! L: (H (f).H *(f» 
m X y 
! L:/ H (f» 12 
m y 
L: denotes the summation over the m values of f in the uth 
band, and * denotes complex conjugation. The matrix, A(M), 
for the last band, can be considered as centered at f = N/ 2 
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and extending m/ 2 discrete frequencies to either side of it. 
From symmetry considerations only the frequencies less than 
f = N/2 need be summed and 
same as 
~ m/ 2 ~ __ -:---
1 L: {E (~i)E * ( ~i)+E (~i)E *(~i)+E (N/ 2)E (N/ 2)} same as 
m+l i=l x 2 Y 2 Y 2 x 2 x Y but with 
E y 
B(u) and C(u) are formed in the same manner. The matrices 
for band u = 1, centered at f = 0 could be formed in a 
similar manner but as the zero frequency has no physical 
meaning in magnetotellurics, it is ignored. 
The impedance tensor matrix, Z, is given by 
Z (u) = B (u) C (u) -1 (4.3) 
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Equation (4.3) is of the same form as Equation (4.2) except 
the power spectral dens~ tie s are now replaced by the averages 
of the appropriate Fourier transform products over frequency 
bandwidths. 
The error in Z(u) is g~ven by E(u) where 
:: {(m-2)-1.w " (u) .C (U)jj.F
2 
2 2(.05)}'Z' 
~~ , m-
E (u) (4 .4) 
where w,' (u) is the ith element of the main diagonal of w(u) ~~ 
where w(u) :: A (u) -B(u) .C(u)-l.B(U)# and # indicates 
transposition combined with complex conjugation. 
F 2 ,2m_2(·05) is the 5% point for the statistical 
F-distribution with 2 and (2m-2) degrees of freedom. Since 
the impedance is a complex quantity, E(u) gives the radius 
of 95 % confidence for the two-dimensional representation of 
Z(u) in the complex plane. 
Figure 4.8 shows the impedance tensor and error results 
calculated for event 2 of Yelta using Equations (4 .3) and 
(4.4) with m :: 7 . The data was corrected for linear trend 
and average utilizing Equation (3.3) and then extended to 
2048 points by adding zeros prior to applying the Fourier 
transform of Equation (3 .4 ). There is a resemblance 
between the impedance tensors formed by this method and the 
power ,spectral technique, and this is only natural if 
Equations (4.2) and (4.3) are compared. The difference lies 
in the dissimilar smoothing of the Parzen window as opposed 
to the straightforward averaging in the frequency domain 
of this method. The values are again very scattered 
especially at the low period end of the graph; in spite of 
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Figure 4.8 The impedance tensor element, Izxy/ and its 95% confidence interval as f4nctions of frequenc~ at Yelta; determined by the Hannan method. Closed circles are the impedance 
values (mv/km/gamma ) open circles the confidence interval. 
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the obviously erroneous fluctuations, the errors are 
relatively small. 
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In the "Hannan" method it is assumed that E is caused 
by H and therefore E is regressed on H. It is a basic 
assumption that H is determined perfectly and that Equation 
(4.4) determines errors in Z of the sort E = ZH + a where a 
is another cause of E, say lightening or electro-chemical. 
In the practical situation, however, it can be assumed that a 
is zero and one wishes to find the error in Z, if E and H 
have inaccuracies inherent in themselves. It was felt that 
the "Hannan" method of impedance tensor calculation was not 
satisfactory and another technique was developed and is 
presented below. 
(d) Impedance Tensors by the New Methpd 
A major feature of the new data analysis method is to 
treat isolated transient events which have been recorded in 
full. Then, anyone particular event is independent of those 
before and after it, and the earlier and later portions of 
the record may be put equal to zero . The spectrum obtained 
by Fourier transformation of such a time series is then , 
in principle, valid for all frequencies . For example, 
consider the case of a truncated sinusoidal magnetic 
variation. By the power spectral method this event would 
be considered as a sample of an infinite stationary time series 
and from Figure 4. 9 tpe spreading of the peak and the 
sidelQbes in the frequency domain would be considered 
erroneously caused by multiplying the original time series 
by a box function of height oDe unit . In the New method 
however since the isolated event has been recorded completely 
--~ 
the entire frequency spectrum in Figure 4.9(b) is valid. 
This is an important fact and subsequently proved to be 
useful in analyzing quasi-s i nusoidal micro-pulsation data. 
(a) 
Time Frequency 
(b) 
Figure 4.9 Time and frequency domain representations of 
a truncated and infinite sinusoidal variation. 
By considering two independent, isolated events a 
solution for the impedance tensor can be obtained. Taking 
the Fourier transforms of each and substituting the values 
into Equation (4.1) and then, denoting the event numbers 
by superscripts and applying Cramer's Rule yields: 
E 1 H 1 
x Y 
Z = / d xx 2 2 E H 
x Y 
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H 1 E 1 
x x 
Z = /d xy 
H 2 E 2 
x x 
E 1 H 1 
Y Y 
Z = / d (4.5) yx 
E 2 H 2 
Y Y 
H 1 E 1 
x Y 
Z = / d yy 
H 2 E 2 
x Y 
H 1 H 1 
x y 
where d = 
H 2 H 2 
x Y 
It is obvious that the solution is indeterminate if the 
denominator is zero. Then, 
H 1 H 2 
x x 
= 
H 1 ~ 
Y Y 
and as all quantities are complex this may be rewritten as 
h 1 
x 
o 
Y 
exp = 
h 2 
x 
o y 
exp 
where small case letters indicate absolute values and ~ is 
phase. Rankin and Reddy (1970) show that the polarization 
parameters depend only on the amplitude ratio and phase 
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difference of the two orthogonal magnetic components. 
The above condition, hence , states that the polarizations 
of the two events must be different for Equation (4.5) to 
be applicable. 
One advantage of calculating the impedance tensors by 
this method is that errors can be assigned to the tensor 
elements in a straightforward manner. This is a significant 
step as it allows the reliability of the results to be gauged. 
If a probable error is defined as one which has a 50% 
probability of being exceeded, then from Whittaker and 
Robinson (1946, p.280) it can be shown that the probable 
1 
error of a Fourier coefficient is (2/N)7q where N is the 
number of data points and q is the probable error in each. 
It is now straightforward to carry the errors through the 
calculations in Equations (4.5) using the rule that for 
addition and subtraction (multiplica4ion and division) the 
resultant (fractional) probable error is the square root of 
the sums of the (fractional) probable errors squared 
(Bevington, 1969, p.60). That is, if Xl and X2 have probable 
errors e l and 
2 
error of (e l 
e 2 respectively then (Xl + X2 ) has a probable 
2 1 
+ e 2 )7 and Xl / X2 has a fractional probable 
e 
error of [(~)2 
probable er;6r 
+ (e2 )2]7. However, x l
n has a fractional 
X 
of n.iel/ x l ). It is important to note that 
Equation (4 . 5) is composed entirely of complex quantities 
and there are, therefore, a large number of operations 
involved in computing the impedance tensor . Hence the 
probable error accrues rapidly. 
Aside from the intrinsic error in the data points, 
there are also phasing errors between the electric and 
II 
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magnetic records. If the magnetic data is chosen as the 
frame of reference, the phase or timing errors are 
solely in the electric data. Suppose a complex Fourier 
transform, E , has a probable error of E. This is denoted x 
by a circle in the two-dimensional Argand diagram, Figure 
4.10. The probable error in phase introduced by the error 
E is 
d e = E/I E I 
x 
Similarly if there is a phase error of d e in the data it 
introduces an error of 
E = d e . IE I 
x (4.6) 
to the Fourier transform value. For a specific period, 
T, 
d e = w.dt 
where dt is the error in the timing of the start of the 
event and w = 2TI/T . The fractional error in the final 
Fourier transform is 
In order it maintain the fractional error less than, say 
one, the shortest periods that can be considered are about 
six times the error in timing . Due to the equipment 
available in this study, there was an inherent difficulty 
in timing the telluric events accurately relative to the 
magnetic events. As shown above, this will have an 
important bearing on the useable frequency bandwidth. 
Real 
Figure 4.10 The complex plane representation of a 
Fourier transform, Ex, and its probable error,E . 
Having carried out the error calculations thus far, a 
further refinement is available in the determination of the 
tensor values. If several isolated events are considered , 
say n, then pairs of events can be formed in 
ways. For each pair of events a solution for Z is avai~able 
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via Equation (4.5) and also a probable error can be 
calculated. The impedance soluti ons and their attendant 
probable errors can be combined to form a weighted average 
as follows (Bevington, 1969, p.70): 
weighted average 
probable error of weighted average 
(4.7) 
1. / [ L 1/ e . 2 ]'i-
1 
where Z . are the impedance element values and the e . their 
1 1 
probable errors. The subscript i denotes a particular 
solution of Z from a pair of events. 
The sections of data listed in Table 4.2 were subdivided 
into separate transient events. Each datum point in the 
original time series was assigned a probable error of one 
gamma or one mv/ km, as an estimate of the accumulated 
errors, such as those due to instrumental drift, calibration, 
and chart digitization. In addition the error in phase 
was included by assuming a probable error in the timing of 
the electric data relative to the magnetic data of 60 sec. 
Linear trends were removed by using Equation (3.3) with 
b = 1 to ensure that no effects OT longer period phenomena 
like the diurnal variation were involved. The base level, 
determined by the first and last points of the corrected 
series , was set to zero and then the data was extended to 
a length of 2048 points by ~he addition of zeros . Due to 
the linearity of the Fourier transform the annexation of 
zeros does not alter the frequency spectrum , but only 
increases the number of frequencies for which values of the 
87 
spectrum are determined. The fast Fourier transform was 
then calculated by Equat i on (3.4) and finally the impedance 
tensors and their probable errors were computed by the method 
just described. 
Figure 4.11 shows the results for Yelta, and it is seen 
that at long periods the i mpedance tensors are stable and 
have reasonable errors. However , as the periods increase 
the fluctuations of the tensor elements increase as do 
their errors; in fact, at a period of about 500 sec the 
probable errors become larger than the values to which they 
refer. It was decided that a fractional probable error of 
greater than one was too large to be acceptable, and all 
such values were subsequently disregarded . This 
discrimination had the effect of imposing a serious high 
frequency cut off to' the data. Although this method has 
not markedly improved the quality of the impedance tensor, 
now an important criterion is available for discriminating 
against unreliable impedance values. 
In order to widen the frequency bandwidth, the original 
data was searched again for transient events of high 
frequency content. Trains of micro-pulsations, 
characteristically near-perfect sinusoids of period one to 
three minutes, were found in bursts of length three to 12 
, 
minutes throughout the records. These proved to be ideal; 
the ones chosen were digitized manually at 10 sec intervals 
and analyzed by the method described above, except that 
zeros were added until the data was of length 128 points. 
Finally , to obtain further statistical smoothing and 
to alleviate the problem of dealing with too many data 
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Figure 4.11 The impedance tensor element, IZxy l ' and its probable error (50% confidence 
interval) as functions of frequency at Yelta; determined by the New Method. 
Closed circles are the i~pedance values (mv/km/ gamma) , open circles the probable 
error . 
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points the impedance tensor elements were bandwidth 
averaged , and the resul ts for Yelta are shown in Figure 
4.12. 
6. Results 
Skew coefficients, as described in Chapter 2, section 4 
were calculated, and as an example those for Yelta are 
shown in Figure 4 . 13. There are no strict rules for the 
interpretation of skew coefficients but values of 0.2 or 
less as for the long period data at Yelta would generally 
be taken to indicate two-dimensional structure (Swift 1967, 
Vozoff 1972). All the stations except Mulyungarie yielded 
similarily small skew values, indicating two-dimensionality. 
2.0 r- o o 
..II! 
CIl 1. 0 f-
o 
o 
I o " " 
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F ' 4 13 Skew coefficient at Yelta as a function of J.gure . 
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Figure 4.12 Bandwidth averaged impedance elements ~s 
functions of f requency for Yelta . Closed 
circles are the impedance values (mv/km/ gamma) , 
open circles are the probable errors . 
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In Figure 4 . 14 the impedance tensors for the different 
stations are presented as polar plots for a period of 2270 
sec . The radial distance and the azimuth represent the 
absolute value of the tensor element and the rotation angle 
respectively, as outlined in Chapter 2, sectio. 4 and as 
applied, for example, by Berdichevskiy et al (1970). The 
polar plots show a distinct variation in impedance magnitude 
across the traverse with the values at Mulyungarie and 
Waukaringa being highly attenuated with respect to the other 
sites . The two dimensionality of the structure, as indicated 
by the skew coefficients, is verified by the general pattern 
of four distinct lobes for Z ,together with the two-lobed 
xx 
pattern for Z 
xy A definite trend is shown by the 
orientation of the major axes of the Z plots, with the 
xy 
axes generally pointing radially to a common point north of 
the traverse. At shorter periods (about 1000 sec) the polar 
plots of the impedance tensors possessed the same pattern 
of relative magnitudes as well as the distinctive 
orientations of the major axes of Z 
xy Polar plots are an 
extremely powerful method of presenting impedance tensors 
and it is suggested that in future they be used more widely. 
As all the sites except Mulyungarie indicated two-
dimensionality by their small skew values, the determination 
of the principal axes of the impedance tensor should reveal 
the directions parallel and perpendicular to the structural 
strike. Swift (1967) has discussed the problem in some 
detail and outlined several techniques. It was decided to 
determine the direction of maximum value of the diagonal 
term IZ12 ' 1 by rotating the measured values of Zij using 
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Figure 4 . 14 Polar plots of the impedance tensors at a per iod of 2270 sec , wi t h 
the 1000 foot depth contour of the Great Artesian Ba sin. ~ 
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Equation (2 .31). Since Z'12(8) = Z'21(8 + 90 0 ) only 1800 
of rotation was necessary. The resulting principal axis 
orientation proved to be quite stable across the entire 
frequency spectrum and this result is given in Table 4.4 
for each site. 
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SITE: TAL ING BIL PIM PAR WAK MLY HAZ YEL 
ORIENTATION: 30 0 -100 20 0 00 -20 0 unrotated unrotated -1 00 00 
Table 4.4 Orientation of the principal axis of 
impedance tensors (clockwise from north) 
Apparent resistivities, Pij ,for the two principal 
directions were calculated from the equation 
p . . = 0.2 T j Z .. j2 
1.J 1.J 
where z .. is the off-diagonal element of the rotated impedance 
1.J 
tensor. The apparent resistivities together with their 
probable error bars, are shown in ~igure 4.15. 
Finally, the phase difference between the orthogonal 
electric and magnetic field components were calculated using 
the formula 
cp = arctan 
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where Zr and ZR denote the imaginary and real parts 
respectively of the same off diagonal impedance tensor 
element. Probable errors were calculated in a straight-
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forward manner from Equation (4.6) and an example of the pha se 
with its probable error is depicted in Figure 4.16. 
'. 
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Figure 4 . 16 Phase data and error bars as functions of period for Partacoona. 
Closed circles are H-B data, open circles D-A. Solid squares 
represent the theoretical phase response for the final model 
(see Chapter 5, sec t i on 2). ~ 
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Chapter Five 
Interpretation 
1. Source Field 
One of the first objections raised to the straight-
forward application of the magnetotellur ic method (Wait 
1954, Price 196 2 ) was that the horizontal source wavelength 
was not infinite as assumed by Cagniard. A number of 
studies have been made on the subject and it is now 
generally accepted that in mid-latitudes any effects 
caused by the finite size of the source are negligible. 
Madden and Nelson (1964) calculated critical wavelengths 
and showed that even for the most extreme case of ionospheric 
electric currents directly overhead, all M-T data of period 
less than 10 3 sec was not significantly modified. 
Hermance and Peltier (1970) and Peltier and Hermance 
(1971) studied the effects of an electrojet source on 
magnetotelluric results. Their conclusions are of 
particular interest to this study because both the 
geomagnetic bay and the magnetic sub-storm are intimately 
related to the auroral electrojets. They stated that the 
departures from a plane-wave solution are more serious at 
stable continental platforms than at tectonic regions. 
However the effects are only serious near the electrojet 
and at a distance of about 1000 km the adverse effects 
have dissipated. As the M-T traverse in this study was 
situated between the latitudes 29 0 5 and 32 0 5, it was roughly 
30 0 or 3000 km from the equatorial electrojet and slig~tly 
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further from the auroral jet. 
Swift (1967) analyzed simultaneous magnetic data from 
two sites 800 km apart (Tucson and Dallas ) and concluded 
that the hori z ont al wavelengths for geomagnetic variations 
of periods 15 minutes to the diurnal were greater than 
10,000 km . Since Dallas and Tucson are about the same 
distance north of the equator as this traverse was south 
of it , it would not be unreasonable to expect similar 
source wavelengths in southern Australia. 
Schmucker (1970, p.64) has shown that the source 
wave number, k , is related to the magnetic field, H, at the 
surface of the earth by 
where 
dH dH 
x + -.:t... :::; ik H ax dy (5.1) 
Gough and Camfield (1972) have applied this equation to 
contour maps o f amplitudes of Fourier transformed magneti c 
fields ove r North America and deduced , that for the 
periods of interest for this study, the source wavelength 
was between 5,000 and 7,000 km. By considering a magnetic 
field polarized in the X direction Equation (5 .1 ) simplifies 
to 
ik H . 
x x 
It is easily shown that Equation (2.10) satisfies the 
above condition. Thus, an alternate method of deriving 
the wave number by using magnetometer array data, is to 
plot the Fourier transform amplitudes at a period whe re 
there i s near-linear polarization as a function of the 
polarization direction . The sinusoidal variation 
expressed in Equation (2.10) should be observable in the 
plotted data. 
In order to study the source size parameter, 
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Professor Gough and his group allowed the author to analyze 
the magnetometer array data of October 16, 1970, 11:00 to 
14:40 G.M.T. The Fourier transform amplitudes were 
calculated for a period of 64.0 min for which the major 
axis of the polarizat~on ellipse is oriented 32 0 west of 
north. The ratio of major to minor axes of the ellipse 
is 576 . It is important in these calculations that no 
localized anomalies be perturbing the magnetic field and, 
as will be shown in Chapter 6, section 1, the polarization 
chosen here minimizes these effects. The Fourier 
transformed values at the stations HAR, YEL, MLY, MDN, QIN , 
MUR, MLR, WIL and WAL (marked in Figure 4.5) were rotated 
into congruence with the major and minor axes, XI and yl 
respectively, of the polarization ellipse. The Xl 
transforms are plotted, in Figure 5.1, as functions of 
relative distance in the Xl direction. It is apparent 
that the variations are caused by scatter in the data; 
there is no definite sinusoidal trend. It is concluded 
that the -areal extent of the array was not sufficiently 
large to detect any distinct variation in the horizont,al 
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source field. Thus, the source wavelength mus t be much 
greater than 1,000 km. 
The interpretation may now proceed with the imp ortant 
assump tion that t h e electromagnetic waves imping ing on the 
ground may be treated , for practical purposes, as p lane 
waves. 
2. Model Fitt ing 
Several important facts are evident from a v isual 
inspection of the a pparent resistivity curves of Figur e 
4.15. Tak ing each station individually, in every c ase the 
p curv e is different from the p curve, in many instances yx xy 
by an order o f magnitude. This anisotropy is also refle c t ed 
in the phase p lots of Figure 4.16. The two-dimensionali ty 
of this effect has already been noted, though it will be 
shown later that t h e anisotropy is more local t h an 
regional, and is, in fact a severe obstacle to the accurate 
interpretation of the data. 
The dominant result of the experiment, however, stand s 
out clearly above anisotropy effects, and is expressed by 
the very low apparent resistivities recorded at Waukaringa 
a n d Mulyungarie. This is also indicated in Figure 4 .6 (b) 
by the high attenuation of the natutal telluric si~nals a t 
these sites relative to the stations on either side. The 
presence of a region of very high electrical conductivity 
has evidently been detected, and the further delineation 
of this good conductor is an interpretation task of 
high importance. 
To commence the interpretation, an assumption was 
made that the electrical conductivity structure beneath 
Waukaringa and Mulyungarie is two-dimensional, so that 
a line from Pimba to Yelta direct, would be at right 
angles to the strike. This assumption is supported by 
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the l ow skew values indicated for all the sites and by the 
tectonic lineations of the Adelaide geosyncline, and also, 
q~ite independently, by a preliminary investigation of the 
magnetometer array data of Gough et al (l972a). It was 
further assumed that an overburden of resistivity 10 ohm-m, 
5 km deep, overlaid the whole region. The resistivi ty of 
this overburden was taken from an extrapolation of the 
values of the apparent resis t ivity to periods of 10 sec 
or less in Figure 4.15 and is reasonable for the surface o f 
inland Australia, which in places is covered with salt lakes , 
and is generally quite conductive. The depth of 5 km was 
taken from an estimate of the depth of sediment cover in the 
Adelaide Geosyncline (Stewart and - Mount, 1972) i it may 
well be an overestimate for the overburden away from the 
synclinal area, but this is not likely to seriously 
affect the general features of the model. 
Computations of particular two-dimensional models were 
then carried out, following the methods of Jones and Price 
(1970) (see Chapter 2, section 3) and using the computer 
programs of Jones and Pascoe (1971) and Pascoe and Jones 
(1972). Only the electrical conductivity cross section 
from Yelta to Pimba was modelled. This shortened profile 
was considered sufficient as it contained the major 
feature of interest, the low resistivity anomaly at 
-- -
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I;' 
Ii 
103 
Waukaringa and Mulyungarie, and to the west of Pimba the 
values of the resistivity curves of Figure 4.15 are of 
the same general background level as at Yelta and Pimba. 
Figure 5 . 2 shows the apparent resistivity curves for the 
shortened PIM-YEL profile. Although there is a minor 
deviation to the west of this profile, at Ingomar, it was 
decided to concentrate the interpretation on the main 
anomaly. Some twenty models were then investigated, 
each one at several different frequencies. 
The final model is shown schematically in Figure 5.3. 
The structure consists of a general conductive-resistive-
conductive layering in which is embedded, below Waukaringa 
and Mulyungarie, an anomalously good conductor. 
Theoretical apparent resistivity curves for this model 
are shown superimposed on the data of Figure 5.2. It is 
seen that in most cases the two theoretical apparent 
resistivity curves are nearly identical. Partacoona 
had the most separation of the theoretical curves and it 
is seen that not only is the theoretical anisotropy much 
smaller than the measured ani s otropy , but it is also 
reversed; Thus, it is apparent that the two-dimensionality 
of the proposed conductivity structure does not explain the 
anisotropy of the measured apparent·resistivity curves. 
The smoothing effect of the conductive overburden no 
doubt plays an important role in this phenomena; the 
anisotropy remains to be explained . 
Because of the large unexplained anisotropy of the 
data there was considerable latitude involved in fitting 
model curves. It was decided to fit theoretical curve~ to 
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an average of the measured apparent res istivity curves 
and, in spite of this limitation, the final model was 
determined to within quite useful limits. The anomalously 
good conductor must have a resistivity a s low as 0.1 
ohm-m, and for this res istivity it must have a minimum 
thickness of 10 km; its maximum possible th ickness is 
undetermined . The uppermost surface of the good conductor, 
although il lustrated at 5 km depth , can be as shallow as 
1 km beneath t he surface, however , it cannot be deeper than 
about 8 km. The width of this fe ature is uncertain , but 
it must extend past Mulyungarie to the east and Waukaringa 
to the west. Below Hazelvale the overburden layer is 
thicker (11 km) than elsewher e and this may possibly be 
related t o the adjacent good conductor below Waukaringa 
and Mulyungarie. Modelling the anomalous conductor aga inst 
background resistivities of 100 ohm-m and 1000 ohm-m 
showed that the latt er model provides a marginally better 
fit, although both are acceptable. Another feature of t he 
apparent resistivity curves is their "turn over" at long 
periods. If this is interpreted in terms of a highly 
conducting, lower region of resistivity 10 ohm-m, t hen 
the depth at which this region is encountered must be 
between 200 and 260 km. The re is insuf f icient data at 
long periods to accurately specify the resistivity of the 
bottom layer, and although 10 ohm-m is used in the proposed 
model, it could be different, as long as remaining more 
conductive than the layer above it. 
Becaus e of the small anisotropy of the theoretical 
apparent resistivity curves, interpretation could have been 
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performed by assuming a layered earth under each station 
and the n fitting one-dimensional model curves separately 
t o each site . To verify the computer programs used for 
the two-dimensional model interpretation, one-dimensional 
layered models were fitted to the data using Srivastava!s 
(1967) portfolio of master curves . Amongst the models 
which proved to be acceptable by this method was the one 
determined by the two-dimensional modelling and presented 
in Figure 5.3. 
To this point, the interpretation has been based on 
fitting models to the apparent resistivity curves. In 
principle, the analysis could also be based on the phase 
between electric and orthogonal magnetic field components. 
The phase for Partacoona (Figure 4.16) is plotted on a 
linear scale while the apparent resistivity (Figure 4.15) 
is plotted, due to its greater variability, against a 
logarithmic scale and, thus, the probable errors have a 
far greater ramification on the phase than on the resistivity. 
In Figure 4.16 theoretical phases for three periods based on 
the final model are sumperimposed on the phase data and it 
is seen that within the errors, the data verify the model 
determined from apparent resistivity curves. It is 
further seen that the large spread of errors would make 
an interpretation based solely on phase data extremely 
difficult and, therefore, i~ has not been attempted. 
The main feature of the proposed model is the 
exceptionally conductive body below Waukaringa and 
Mulyungarie. The only other anomaly discovered by 
geomagnetic methods which is as conductive or as large as 
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this one, was reported by Camfield et al (1970) and 
further discussed by Porath et al (1971). They suggest 
that t h e Central Plains Anomaly of North America could 
be caused by graphite schists . Resistivities as low as 
0.1 ohm-m , although unusual, have been measured in a 
number of naturally occurring substances such as saline 
solutions and various pyrrhotite and copper pyri te ores. 
Parkhomenko (1967) presents compilations of such 
resistivity data. Possible explanations for the conductive 
body will be further di scussed in Chapter 6 . 
3. Anisotropy 
Some discussion may now be given regarding the 
anisotropy mention e d above for the data in hand, and in 
fact, found a lmost universally in magnetotelluric 
experiments. It was originally hoped that the anisotropy 
would be e xp l ained by the two-dimensionality of the model 
just descr ibed. When this did not eventuate, it was 
thought, because the principal axes of the impedance 
tensors at the different sites all showed an approximate 
north-south t rend (Figure 4.14), that the anisotropy was 
the effect of a large near-surface conductor to the north 
of the traverse (perhaps the Great Artesian Basin) , 
s uperimposed upon the effect of the main model. The 1000 
foot depth contour of the Great Artesian Basin is marked 
on Figure 4.14, and it can be seen to be generally 
orthogonal to the principal axes of the polar plots o f 
the impedance tensors. Figure 5 . 4 shows one of the models 
examined to test this pos s ibility : a sharp change occurring 
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i n the resistiv~ty of surface sed~ments at a vertical 
contact . Also shown ~n F~gure 5.4 1S the an1sotropy 
which results, plotted as d~stance from th~ contact on the 
more resistive slde. It can be seen that only with1 n 
25 km of the contact do the maXlmum and min~mum apparent 
resistivity curves separate by an order cf magnltude. 
This appears to render untenable the hypothesis that the 
observed anisotropy is caused by the Great Artesian Bas in , 
for mos t observ1ng sites are f~rther than 25 km away 
(see Figure 4.14), and 1t seems unllkely that the 
resistivity of the Bas in 1S as low as 0 .1 ohm-m to a depth 
of 5 km. 
It thus appears that the observed M-T anl s otropy 
c annot reasonably be e xplained by ~nduction on a regional 
s cale; a likely alternative is, therefore, that it is 
caused by local conductlv~ty lnhomogeneitles perturbing 
telluric currents WhlCh have been induc ed on a regional 
s cale, as in the case studled by Dyck and Garland (1969) 
and as in the case reported i n Chapter 4, section 3 (c) 
of this thesis. If thlS ~s so, then ln the present case, 
the dlstortions of the tellurlc currents have been 
particularly decept~ve, because the resu lt1ng skew 
coefficients and rotatlon angle s are ~ndlstingu~shable 
from those caused by induct~on ln a two - d i mensional 
structure . Furthermo r e, because of the w~der latitude o f 
acceptable master curves , the interpretation of the 
conductivity s tructure became more amb1guouS. The common 
occurrence of such anlsotropy remains one of the greatest 
d isadvantages of the magnetotel l uric method and much ,more 
research should be directed to the solution of this 
problem . 
4. General Conductivity Structure of Australia 
111 
Away from the anomalous conductor, the resistivity 
profile along the traverse generally consists of an 
overburden of 10 ohm-m resistivity and of 5 km thickness, 
underlain by a resistive layer (1,000 ohm-m) which extends 
to a depth of about 200-260 km; below this is an 
indefinitely thick layer of 10 ohm-m. It is of interest 
to offer an explanation for this general conductivity 
structure. The upper mantle is thought to be composed of 
peridotite (Ringwood, 1969), of which the most conductive 
constituent is olivine. The exponential decrease of olivine 
resistivity with increasing temperature could provide an 
explanation for the conductive bottom layer . Combining the 
temperature-depth profile of MacDonald (1965), depicted in 
Figure 5.5 , with the compilation of experimental conductivity-
temperature results for 10% fayalite olivine (Duba and Lilley, 
1972) , depicted in Figure 5.6, it is seen that by a depth 
of order 150 km and deeper, the resistivity of olivine 
might be expected to decrease to about 10 ohm-m. The 
proposed M-T model is in acceptably close agreement with 
this result. Near the surface , however, the conductivity 
is thought to be controlled by porosity and water content 
rather than by petrological composition . As depth and 
pressure increase the porosity is reduced and the rocks 
become resistive; ultimately the temperature - dependent 
semi-conduction mechanism of olivine becomes dominant , ,and 
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the rocks become increasingly conductive. Thus, an overall 
conductive-resistive-conductive layering results. 
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Figure 5 . 5 Temperature as a function of depth , after 
MacDonald {1965), for uranium concentration 
5.5 x l~~ g i g and opacity lOcm- 1 • 
It is of interest to inspect other Australian 
magnetotelluric results to see if a general conductivity 
structure can be determined for the continent as a whole . 
Figure 5.7 shows the other results. Tammin , Coolgardie , 
Kalgoorlie and Rawlinna are four sites reported by Everett 
and Hyndman (1967) and extend from west to east respectively 
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in Western Australia in Flgure 1.1. The results for 
Windorah were determined by Wh itely and Pollard (1971) and 
it is the only site located in Queensland in Figure 1.1. 
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At Windorah there is a dist i nct conductive-resistive-
conductive layering which i s i n agreement with the structure 
proposed in this section except that the central layer is 
more resistive and thinner. In Western Australia the 
results only indicate a two-layer structure but this 
correlates well with the bottom two layers of the model 
p roposed here. It is possible that Everett and Hyndman 
did not see the shallow, conductive top layer because t h e 
longest f r equency of t h e i r analys i s was just greater than 
64 cycles / day . The results calculated under the Tasman 
Geosyncline area are depicted i n Figure 3 . 10 . At Griffith 
and Wagga Wagga a three-layer structure has been detected, 
although the intermediate layer is more resistive and thicker 
than proposed in this section. The structure under Spring 
Valley and Moruya is only two layered, but the enhanced 
conductivity associated with the tectonic zone has probably 
increased the skin depth to such an extent that the 
electromagnetic disturbances analyzed did not penetrate to 
the third layer. 
It is seen that although the various proposed models 
have differences amongst themselves , none are incompatible 
with a conductive-resistive-conductive layering. As the 
data yielding the various models have been analyzed by four 
different techniques, it is not surprising that scatter has 
occurred . However , it can be concluded that the generalized 
resistivity structure of the Australian crus t and upper ~antle 
Tarnmin Coolgardie Kalgoorlie Rawli:pna Windorah 
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Figure 5.7 Electrical conductivity structure proposed by other workers for sites in 
Australia. 
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consists of a shallow conductive zone of depth several 
kilometres and resistivity about 10 ohm-me This is 
underlain by a resistive zone extending to a depth of a 
few hundred kilometres and of a few thousand ohm-m 
resistivity. The final layer is again conductive with 
resistivity about 10 ohm-me The model is illustrated in 
Figure 5.8. 
It should be stressed that no detectable conductivity 
contrast was noticed between the Precambrian shield to the 
west of the Adelaide Geosyncline and the younger eastern 
region of Australia. 
~1 0 ohm-m 
several km 
few 1000 ohm-m 
few 100 km 
~10 ohm-m 
Figure 5.8 General electrical conductivity structure of 
the Australian crust and upper mantle. 
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Chapter Six 
Geophysical Correlation 
1. Geomagnetic Depth Sounding (GDS) with the 
Magnetometer Array Data 
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As it was of conslderable importance to verify the 
conductivity model determlned by the magnetotelluric method, 
the author was permitted to perform an analysis using the 
magnetometer array data procured and reduced by Professor 
D.I. Gough . and his group. In addition their standard 
Fourier transform and polarlzation parameters programs 
were made available. A section of data from 11:00 to 14:40 
G.M.T., October 16, 1970, not yet studied by Gough et al, 
was analyzed. Figure 6.1 shows stacked profiles of magnetic 
variograms containing the section pertinent to this study. 
It is seen that the horizontal components, X and Y, vary 
little from site to site, whereas the vertical component Z, 
changes considerably with locality. 
As the importance of the polarization ellipse 
orientation has been pointed out by Bennett and Lilley 
(1972), a polarization parameters study was performed on 
the data in addition to the usual Fourier transform analysis. 
If a disturbance has horizontal components of 
X = a 2 cos (wt + e) 
Y = a l cos (wt + f) 
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then the point (X,Y ) traces out an ell i pse with the passage 
of time. The ellipse parame ters may be determined by 
monochromatic theory (Bor n and Wolf, 1959, p.803) and 
the formulae presented here, f or geomagnetic coordinates, 
are adopted from Lilley and Bennett (1972). Define 
a(0<a<n/ 2 ) such that tan a ~ a 2/ a l . Then the principal 
semiaxes a and b of the elllpse and the angle ~ ( o<~<TI ) 
which the major axis makes antlclockwise from geographic 
east are given by: 
tan 2 ~ (tan 2a) cos 0 
sin 2X ~ (sin 2a ) sin 0 
a 2 + b2 2 2 = a 1 + a 2 
where 0 ~ e-f and X( -i<x~i) is an auxiliary angle which 
specifies the shape and orientat i on of the ellipse 
tan X ~ + b/ a 
If sin 0>0 , the ellipse is described in a clockwise sense, 
and if sin 0<0 , anticlockwi se . The ambiguities in the 
angle ~ are resolved by 
0<~<TI/2 if cos 0>0 
TI/2 <~< TI if cos 0<0 
120 
The values of ~l' ~2' e and f, as functions of frequency, 
are obtained from Four ier trans f orms of the selected e vents. 
Both a Fourier transform and polarization parameters 
study was performed on the data of Emu, a station remote 
from the M-T, and, hopefully also the GDS, anomaly. Two 
particular periods (Tl and T2) were chosen for analysis 
such that their power was relatively · high and their 
polarizations were near-llnear in orthogonal directions. 
These are described in Table 6.1, where ¢ is the angle 
the major axis of the ellipse makes with the X (north) axis 
and Q is the ratio of major to minor semi-axes. 
Code 
Tl 
T2 
T3 
Period 
24.4 min 
64.0 min 
204.8 min 
Table 6.1 Polarization parameters for events 
analyzed 
Q 
58.6 
576. 
2.9 
The standard computer programs of Gough et al were 
adjusted so the definition of the Fourier transform was the 
same as in Equation (3.4) and then transforms were 
calculated for the magneti c data of all the sites of the 
array at the above periods. Contour maps were drawn for 
the phase and amplitude values of Z, X', and Y' where X' 
and Y' denote the usual magnetic components X and Y, 
rotated into the pr~ncipal axes of the polarization 
ellipse. Phase, ~ , is defined as 
121 
'where the subscripts I and R denote the imaginary and real 
parts respectively of the Fourier transform, FT. 
The contour maps for sets Tl and T2 are presented in 
Figures 6.2 and 6.3 respectively. A visual inspection of 
the maps for period 64.0 min show that although there are 
peaks and troughs present, there is no correlation between 
the various components; nor is there any trend or pattern 
which suggests a real physical cause. At first glance the 
data of Figure 6.2 also appear uninterpretable, however, 
closer scrutiny reveals a distinct pattern in the Z phase 
map: a phase change of about 1800 occurring in a narrow 
band curving roughly south to north-west uhrough the centre 
of the array. The distinguishing feature of this anomaly 
is its narrowness with the transition occurring in all cases 
between adjacent sites. 
A thin good conductor directly below the transition 
zone provides a straightforward explanation of this phenomenon . 
Consider a simple two-dimensional cross-section of the good 
conductor located between, say Waukaringa and Mulyungarie , 
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Figure 6.2 Contour maps of · magnetic amplitude and phase 
data for a period of 24.4 min (set Tl). 
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for a period of 64 . 0 mi n (set T2). 
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as depicted in Figure 6.4. An electric current flowing 
in the conductor will caus e a vertical magnetic field 
measured at the surface which is symmetric in amplitude 
but 1800 out of phase to either side. The contour maps of 
the amplitude of the Z magnetic component do not reveal the 
anomaly because the vertical component attenuates completely 
only directly over the conductor and, unfortuitously, no 
stations were thus emplaced. However, the general pattern 
of high amplitudes in the centre of the array, decreasing 
to the east and west lends supporting evidence for an 
elongated good conductor. 
o 
Figure 6.4 Vertical magnetic field along the surface 
for the two-dimensional conducting body shown 
at the bottom. The diagram is for a given 
instant of time for current flowing along the 
good conductor perpendicular to the page . 
The absence of the anomaly in the Z phase map for 
period 64.0 min is expla~ned by the curvature of the 
conductor to the north-west. Since the horizontal 
magnetic field for this per~od ~s polarized roughly 
NW-SE it cannot induce an electric current in the 
approximately parallel conductor , whereas for a period 
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of 24.4 min the magnet~c polarization is orientated nearly 
NE-SW for maximum current ~nduction efficiency. This 
stresses the importance of analyzing data at several different 
polarizations. 
It is unfortunate that the magnetometers were so 
sparsely located in this experiment, as this prevented a 
complete delineation of the anomalous conductor. A 
noteworthy point is that, in this instance , the parameter 
most usually diagnostic, Z amplitude, was displaced by Z 
phase. This indicates the care necessary in choosing 
interpretable parameters and suggests that often the real 
and imaginary parts of the Fourier transform should be 
plotted in lieu of the phase and amplitude. 
To probe the depth of the conductive anomaly, Z phase 
and amplitude contour maps were drawn for the data of 204.8 
min period and are presented ~n Figure 6.5. Even at this 
long period the lineation of the anomaly persists, 
although now it is superimposed on the large gradient of 
the amplitude trending NE to SW. The anomaly is· evident 
in the amplitudes and not the phase possibly because their 
is a large ambient vertical field present on which the good 
conducting body superimposes further Z, whereas previously, 
the induced vertical magnetic field was dominant. The skin 
~~~.. ~ ..----------------------------------------------------------------------... 
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Figure 6.5 Contour maps of the magnetic z component 
amplitude and phase data for a period of 204.8 
min (set T3). 
depth (see Chapter 2, sec t i on 1 ) for a conductor of 
resistivity 0.1 ohm-m at t hls period is 18 km and, thus, 
it is quite reasonable t hat the anomaly is detectable. 
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Figure 6.2 shows t hat the GDS anomaly coincides with 
the M-T anomaly between Waukaringa and Mulyungarie. For 
the purposes of a quantltat ive comparlson, profiles were 
formed from Pi mba to Yelta for the Z and Y' GDS contour 
maps for the event of perlod 24.4 min . By the method of 
Jones and Price (1970) (see Chapter 2, section 3) the 
theoretical GDS parameters for the final M-T model were 
calculated and are shown In Figure 6 . 6(a) and 6.6(b) with 
the field data. As the theoretical calculations yield only 
relat i ve changes it was necessary to mUltiply the amplitudes 
by a constant factor and also to adjust the model phases by 
an additive constant. Figure 6.6 reveals that the M-T model 
and the GDS data are I n reasonable agreement, especially 
as regards the Z phase . Only the Z amplitude provides 
a bad fit and it lS necessary to explain this mismatch 
as nowhere along the path of the anomalous conductor are 
such large amplitude peaks measured. 
The M-T model with the intermediate layer resistivity 
of 100 ohm-m yielded GDS parameters which are also shown 
in Figure 6.6. The Y amplitude for the theory and data 
are now in better agreement, however, even though the Z 
amplitude peaks have receded they are still too large to 
fit the data. In an effort to eliminate the anomalous Z 
peaks, models with rounded corners on the good conductor 
were investigated but did not provide the solution. 
Similarly a wedge-shaped conductor was not satisfactory. 
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. 
Figure 6.6(a) Z and Y' phase parameters along a profile from 
Pimba to Yel ta. 0 indicates measured data, the theoretical 
response for the M-T model shown; in Figure 5.3,and 
the response for the preceding model with 100 ohm-m 
background resistivity. 
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Figure 6.6(b) Z and y' amplitude parameters along a profile 
from Pimba to Yelta. O indicates measured data,.lthe 
theoretical response for the M-T model shown in Figure 5.3 
and 0 the response for the preceding model with 100 
ohm-m background resistivity. 
130 
The variat i on of several parameter s was a ttempted in an 
effort to attenuate the Z amp11tude peaks but the altering 
of anyone parameter could not sat i sfy the GDS data while 
still remaining cons1stent wi th the limitat i ons 
permissible 1n the M-T model. If the M-T model were 
changed 1n any of the follow1ng ways (or some combination 
of them) the Z amp11tude peaks could be acceptably reduced: 
by increasing the resist1vity of the anomalous conductor 
to at least 1 . 0 ohm-m; by lower1ng the anomalous conductor 
to a depth of greater than 10 km below the surface; by 
decreas1ng the res1st1vi ty of the overbur den to 1 ohm-m 
or less . 
As no model could be found which satisfied all the 
data of both the GDS and M-T methods, it must 1ndicate 
some departure of the actual conditions from the original 
assumpt10ns. It i s a d i sti nct possibility that the 
mechanisms which caused the anisotropy of the apparent 
resistivity curves have distorted them, particularly at 
Waukaringa and Mulyungarie, to such a degree that the 
limitations placed on the final M-T model are incorrect. 
On the other hand, it is also possible that the 
magnetometer array was too sparsely located to detect the 
rather narrow Z amplitude peaks. 
The conclusions of the magnetometer array study are 
a powerful verification of the magnetotelluric results. 
Both the presence and the location of the good conductor 
were substantiated, although the GDS data indicates that 
the strong conductivity contrasts of the M-T model may 
have to be weakened. The GDS contour maps further 
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substantiated the concluslon that the M-T anisotropy was 
caused by local rather than reglonal effects. The 
anoma lous Z pattern whlch would be present if an E-W 
strlking strong conductlvlty contrast, such as the Great 
Arteslan Basln, lay to the north of the traverse, was not 
observed . The magnetotellurlc and geomagnetic depth 
soundlng methods are qUlte complementary to each other. 
The M-T method has acted as a calibrator Ylelding 
informatlon on the absolute reslstlvlty values lnvolved, 
as well as locatlng the anomaly between Partacoona and 
Hazelvale and showlng It to be sltuated In the crust. 
The magnetometer array has played the role of delineator, 
tracing the course of the anomaly as it curves N-W. 
2. Heat Flow 
The dlstlnct demarkatlon In geophysical parameters such 
as heat flow, age , selsmlC travel tlmes between the two 
regions to elther slde of the Adelaide Geosyncline has been 
noted brlefly In Chapter 4, section 2. It is now necessary 
to scrutlnlze the area of the array more carefully 
searching for correlations wlth the elongated anomalous 
conductor. A natural startlng pOlnt lS the investigation 
of heat flow determinatlons, especially as electrical 
conductivity and heat flow have been correlated previously 
(see for example, Reltzel et al, 1970). The number of 
measurements in the array region i s very sparse and these 
have been reported by Howard and Sass (1964) and Sass 
(1964); the locations and values are shown in Figure 6.7. 
The general similarlty of the results, all between 1.8 and 
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Figure 6.7 Sketch map of ~southern A~'stralia showing heat 
flow values (triangles) ,eplcentres of earthquakes 
from 1963 to 1971 (circles) ,maJor fault trends, 
and the zone of the 180 0 phase change of vertical 
magnetic field (dotted llnes). 
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2.2 ~ cal/cm2 sec are representat1ve of values in the 
eastern port1on of Austral1a (Jaeger, 1970 ) . A critical 
point of note 1S that the measurement at Rad1um Hill, 
which 1S located over the southern end of the good 
conductor, 1S also normal (1. 8 ~ cal/ cm 2 sec) . A 
comprehensive study of heat flow 1n this region has been 
undertaken and pre l 1minar y results (J.H. Sass, personal 
communicat i on ) indicate that no areas of unusually high 
temperature hav e been found . The heat flow data in the 
array area, thus, present a strong suggestion that the 
anomalous conduc t or 1S not caused by enhanced temperature 
and is, therefore, a near surface compositional or 
structural f eature. 
3. Gravity 
I 
The grav1ty survey of the AUstralian continent i s not 
yet complete and published data is particularly scarce in 
the reg10n of the magnetometer array. However, a 
prelimi nary map of Bouguer anomalies for South Australia 
is available and is depicted in F1gure 6.8. The outline 
of the 1800 phase change 1S represented by dashed lines. 
The grav1ty contours 1nd1cate no continuous nor large-scale 
correlations but a d1st1nct trend of low values is visible 
along the zone of the anomaly. This region of negative 
Bouguer anomalies extends northwest beyond the good 
conductor and Joins the Henbury-Lake Eyre gravity trough 
(Cook, 1971). Although no quant1tative analyses are 
available for the Henbury-Lake Eyre gravity data , it is 
thought (P.J. Cook, personal commun1cation) to be caused 
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l ' ) of . (Bouguer anoma les , . 6 8 Preliminary gravlty map Flgure . South Austral i a. 
in part by sed~ments accumulat~ng i n a graben formed by 
the rifting of the Australi an continent. Vast depths of 
sediments, part~cularly ~f assoc i ated with saline 
groundwater, may e xplain the conductivity anomaly. 
4. Aeromagnetics 
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Although the aeromagnetic coverage of South Australia 
is comprehensive, the results are published on large scale 
maps (1:250,000 ) for which the flight altitudes are not 
generally uniform from sheet to sheet. For definitive 
summary, far more work i s required, including reduction 
to a smaller scale, enforc~ng a common base level, and 
filtering out small-scale anomalies. However, it may be 
noted that no obvious lineat~ons could be correlated with 
the trend of the anomalous conductor. 
5. Seismi city 
The se i smicity of southern Australia was studied by 
Doyle et al (1968) and has recently been interpreted by 
Cleary and S~mpson (1971) and Doyle (1971) in terms of 
tectonic movements of sub-plates. They postulate that 
the Adela~de Geosyncline is the southern extremity of 
a major crustal suture wh~ch d~vides the Australian plate 
into two sub-plates. Figure 6.7 shows the epicentres of 
earthquakes recorded in South Australia from 1963 through 
1971 as well as the location of the anomalously good 
conductor flanking the eastern edge of the seismic zone. 
The parallelism of the conductor and seismicity, even 
through the bend to the north-west, appears to be more 
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than coincidental. Stewart and Mount (1972), performing 
a comprehensive focal mechan~sm study of South Australian 
earthquakes, verified that Australia may consist of two 
large quas~-stable plates w~th the western half moving 
northward relative to the eastern portion. The major 
fault trends in the area are shown in Figure 6.7. From 
their studies Stewart and Mount deduced that the faults 
dip steeply to the east. The fracture zone between the 
two continental plates is approximately 100 km wide and 
although the earthquakes are shallow (95% in the top 15 km), 
they postulate that the boundary between the plates 
probably extends to the bottom of the crust. It is possible 
that the deep boundary of fractures actually occurs just 
to the east of the Flinders Ranges and is causing the M-T 
and GDS anomaly. Saline ground water in the complex 
fracture system not only explains the high electrical 
conductivity but the lubricat~on it provides also explains 
the lack of seismicity in this region. Thus, if this 
hypothesis is true, the postulated motion of the eastern 
and western Australian blocks is actually occurring along 
a lubricated complex fracture zone just to the east of the 
Flinders Ranges and the seismicity under the Adelaide 
Geosyncline is merely a near-surface, brittle expression 
of this motion. 
6. Geology 
A tectonic map of southern Australia is presented in 
Figure 6.9. The Adela~de Geosyncline separates the 
Precambrian Gawler Block to the west from sedimentary b?sins 
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Figure 6.9 A tectonic map of southern Australia with 
the outline of the conductivity anomaly 
superimposed(dotted lines). 
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to the east; the Willyama Block at Broken Hill is an 
isolated Precambrian outcrop on the eastern side. The 
geologic history of eastern Australia has recently been 
re-interpreted in terms of plate tectonics by Oversby 
(1971) and Solomon and Griffiths (1972) . From the 
seismicity interpretatlon of Cleary and Simpson (1971) and 
from these tectonic complications, there is no reason to 
believe that the Willyama Block is continuous under the 
Adelaide Geosyncline with the Gawler Block. A possible 
cause of the anomalously high conductivity could be that 
the Kanmantoo Trough extends northward under the western 
edge of the Murray Basin passing west of Broken Hill and 
north-west under the western edge of the Great Artesian 
Basin. The Kanmantoo Trough has depths which in places 
exceed 50,000 feet (Parkin, 1969, p.10l) and an extension 
of these sediments northward could well provide a conductive 
path for telluric currents. The negative Bouguer anomalies 
mentioned in section 3 could well be an expression of the 
less dense highly conducting sediments. 
This chapter has presented an independent verification 
of the conductivity anomaly deduced by the magnetotelluric 
method as well as proposing some hypotheses to account for 
it's existence. The author is by no means dogmatic about 
these hypotheses and only hopes that they stimulate further 
research and discussion concerning the anomalous region. 
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Ch apter Seven 
Summary 
By reporting the electrical conductivity below a 
traverse of 13 sites, th~s thesis has formed the most 
comprehensive magnetotelluric study in Australia to date. 
It is shown that the conductivity below the Tasman 
Geosyncline is an order of magnitude greater than below the 
region immediately to the west. No marked difference was 
discovered in the electrical conductivity structure between 
the Precambrian shield and the younger eastern region of 
the continent. However, a major conductivity anomaly was 
deduced, striking north-south in a narrow zone on the 
eastern flank of the Flinders Ranges. It is suggested 
that this conductive zone is either a large, complex, 
lubricated fault zone along which the two quasi-blocks 
which compose Australia are shearing, or it is the northern 
extension of the Kanmantoo Trough under the western edges 
of the Murray and Great Artesian Basins . The electrical 
conductivity of the Australian crust and upper mantle was 
shown to be of a general conductive-resistive-conductive 
layering. 
Anisotropy was prevalent at twelve of the thirteen 
sites and formed the most serious obstacle to interpretation. 
Finite difference solutions showed that this phenomenon 
could not be explained by induction in the proposed 
two-dimensional conductivity structure nor by the superimposed 
effect of highly conducting sediments to the north of trye 
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traverse , such as the Great Artesian Basin. It is, 
therefore concluded, that the anisotropy is caused by 
local structures perturbing the flow of telluric currents 
which have been induced over a much larger region. This 
conclusion was verified by the field testing of the 
telluric recording instruments near Canberra, where local 
geologic faults were observed to control the polarization 
of the telluric field. Although these distortions are 
caused by near-surface effects, they are very serious 
because the recordings are disturbed over the entire 
frequency range. Caner and Auld (1962) obtained 
magnetotelluric data at Victoria, Canada over a range of 
periods from 2 sec to 86,400 sec and the telluric signals 
were strongly polarized over the entire spectrum yielding 
anisotropic results. The problem of anisotropy is the 
most perplexing of all those standing in the way of 
m~gnetotelluric analysis and must receive a high priority 
in future M-T studies. Investigations should be initiated 
by modelling as well as theoretical means to attain a 
better understanding of the localized perturbations of 
telluric fields induced on a regional scale. 
This study has been unique in that , for the first time, 
a conductivity anomaly discovered by the magnetotelluric 
method has been verified by an independent technique. The 
magnetometer array results , although showing that the 
strong conductivity contrasts of the M- T model would have 
to be weakened, gave a powerful verification of the presence 
and location of the anomaly. Results reported in the 
literature are generally scattered and inconclusive , 
however it has been s hown, in this case, that magneto-
telluric data can yield valuable information. 
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It was emphasized i n the Introduction that electrical 
conductivity is an e x tremely variable parameter. In 
addition telluric currents are eas i ly perturbed by 
inhomogeneities in the g r ound; this is illustrated in 
Figure 7.1 which shows the polarization ellipses of the 
magnetic data for the whole array and of the telluric 
data at three sites, simultaneously. The horizontal 
magnetic data vary gradually across the array, but on the 
other hand, the telluric ellipses change drastically just 
over three sites. In the light of this evidence it is 
the author's opinion that t h e M-T method should become 
more statistical both in measurement and analysis. The 
analysis of a single event, measured at one site may not 
be representative. The impedance tensors were formed 
in this study, by creating a weighted average of a number 
of events. It is hoped that this statistical approach 
combined with the introduction of error limits will be a 
first step toward a broader understanding of M-T data. 
The measurement of electromagnetic fields must also 
evolve from the single station concept. A natural 
extension would be to produce telluric recorder arrays 
analogous to magnetometer arrays. More studies also need 
to be made with longer telluric cable lengths, say tens 
of kilometres or greater, in order to average out local 
structure. The future of the magnetotelluric method lies 
in resolving the anisotropy dilemma and in turning to 
statistical methods to overcome the variability of the 
electrical conductivity. 
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Appendix 
1. Technical Notes on Arucomp Telluric Recorders 
(a) General Informatlon 
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Three Arucomp 4100 recorders were modified such that 
each would record the variations in time of two telluric 
potentials. In addition important alterations were made 
so that the equipment would operate from two l2V dc 
pb-acid storage batteries rather than a 240V ac power 
supply, thus allowing portable field use for periods of 
a fortnight without battery recharging. Some general 
data is presented in Table A.l. 
Aru 1 
Aru 2 
Aru 3 
Serial No. 
B826l 
B8262 
B8260 
Table A.l General Information 
Recording Colours 
purple-red 
black-green 
blue-brown 
(b) Modifications for Battery Operation 
Oscillator: In order to drive the Arucomp motor an 
alternating current was necessary and thus an oscillator 
was constructed to operate from 12V dc . A three 
transistor oscillator circuit , described by Mullard 
r-----------~------,-----------------------,--------------t 0 +12 v dc 
6 . 8K 
1. .2K 
thermistor 
RS3 
1210 
Output 0>-----1 
lK 
6.8K t12 
C2 
I 
R9 
1210 
Figure A. l Circuit diagram for the oscillator. 
.-i SO fl f 
C3 
o v 
I--' 
"'" 
"'" 
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(1960 , p . 240) I was constructed . This was designed for 
50 cps frequency and the c ircuit diagram is shown in 
Figure A.l. It should be noted that the diagram has 
several changes from that of Mullard . Capacitors C2 and 
C3 are matched as are resistors R9 and R12 . The following 
adjustments were necessary to achieve the proper frequency. 
Oscillator Rg =R1 2 [ohms] Period [sec] 
1 34.5K 0.101 0.01992 
2 35.85K 0.098 0.01993 
3 3 .9K 0.108 0.01989 
4 (spare) 32.0K 0 . 109 
Table A.2 
Viewed from the top the oscillator circuit board is connected 
as follows: 
o ~ u- * o 
Ou tput 0 Inpu t 
+ 
0 +12 v 
Figure A.2 Circuit board connections for the oscillator. 
Large circles indicate terminal posts . 
Power Amplifier: To modify the output of the 
oscillator so it would drive the recorder motor a power 
amplifier was utilized. The "E/ A 10 plus 10" amplifier, 
as published in Electronics Associated, circuit 6B / AB 
and depicted in Figure A.3 proved adequate . It was 
modified slightly by removing one feed-back resistor 
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(330 ohm), and replacing t h e 1000 ~ f capacitor, in an 
effort to strike resonance with the impedance of the motor. 
Motor: The 24V ac motor was taken apart and the spool, 
previously holding 1100 turns of O.lB mm diameter wire, 
was rewound with 330 turns of 0.36 mm diameter wire 
(SWG 29, B & S 27) to give a dc resistance of 7 ohm . This 
matched the output impedance of the power amplifier 
supplying the 50 hz power. The leads to the motor were 
connected to the same terminals on the power supply 
board (nos. 1 and 2) as before. It was chosen to operate 
the motor using 0.26 amp at 5.3V ac, giving a power 
consumption of 1.4 watt. 
Power supply for the Arucomp Amplifier: The power 
unit and amplifier circuit diagrams are illustrated on p.30 
of the Arucomp Operating Manual Ar/G 35-3e. The power unit, 
holding the mains transformer, is mounted separately from 
the amplifier. It was bypassed simply by feeding 24V, 
+12V and OV (-ve) from the batteries straight into the 
amplifier . This was achieved by disconnecting the primary 
transformer leads from inside the terminal box i . e . remove 
yellow from 4, red from 5, black from 6 , and tape back . 
Then the power leads from the amplifier board were 
disconnected from the transformer unit as follows : 
I 
2S0 + 
40VW 
0.47 
8K 
4.7 
25'0 
lSVW 
SOO 
T 2.SVW 
~--+-----' 
.0022 
1. 2K 
B8-320-
1. SK S 01-A/ 10E 
Outp ut 
9 
o ______ L-______ -L ______________ L-______________ -, __ IW ~ 
Figure A.3 Circuit diagram for the power ampli f ier. 
t--' 
""" 
-...J 
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rid g+ey 
-/ 
6 0 0 d 
red from (+rt) +12 v 0-l- blue 
grey from (-) o -ve I capacitd r blue from (+ ) +24 v I 
I 0 0 
Figure A.4 Power lead connections to the transformer unit. 
Then those leads, tak i ng power to the amplifier card, were 
connected straight to the power terminal board at the rear 
of the Arucomp : 
blue to terminal 4 (+24V) 
red to terminal 5 (+12V) 
grey to terminal 6 (OV -ve) 
To re-equip the recorders to operate from 240V ac , reverse 
this procedure with the Arucomp power supply wiring, and 
install the 220-240V ac motors. 
(c) Circuitry for Measuring Telluric Potentials 
Bucking Out: To counter up to 450 mv of the prevalent 
dc component of the telluric signal the circuit shown in 
Figure A.5 was incorporated. Mercury cells are rated at 
2400 mah at 50 rna and should last about six months. 
--~- ~~------------------------.................................. ... 
j-o~--------------------------L-------------o 
Input 
0--------------r~ 
Output 
\ r--r---------0 
2K lK potentio eter 
C reversing 
III 
switch 
1. 35 v 
Figure A.5 Circuit diagram for countering dc component 
of telluric s i gnal. 
Filtering: To prevent aliassing of the recorded 
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signal two R-C filters were cascaded . Three filters were 
constructed for each instrument to provide for 10 sec, 
30 sec and 60 sec digitizing intervals; a six position 
two pole switch was used to switch in each of the 
different filters as well as a no-filtering channel. 
Figure A.6 shows the circuit diagram and Table A.3 gives 
the element values. The filter responses are shown in 
Figure A.7. 
1 
Switch Position R C 
(most anticlockwise) 4.7K 250 
2 4.7K 100 
3 4.7K 33 
4 4.7K 0 
5 - open circuit 
6 - open circuit 
Table A.3 
lJ f 
lJ f 
lJ f 
-
-
Digitizing 
Interval 
60 sec 
30 sec 
10 sec 
any 
or---------r-r-----.--l -0 
C C 
Input l 
o--VVV"VVV'r 
Output 
4.7K 4.7K 
Figure A.6 Circuit diagram for filtering telluric 
signals. 
150 
Cut 
Off 
30 
15 
5 
6 
Q) 4 
'd 
::l 
+> 
. ,-i 
.--l 
0. 2 
~ 
0 
~l'~ .' 
/' 
,.. 
---- ,.. 
/1/; 2 / ", 1 
lV 
10 20 30 50 
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Figure A.7 Filter responses.Numbers indicate the switch 
positions of Table A.3.Vertical scale is in 
arbitrary units. 
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sensitivity: Since the Arucomp normally only records 
o to 5 mv, it was necessary to incorporate voltage 
dividers and a switch to facilitate further recording 
ranges. The voltage divider is shown b elow and the values 
of La ' Lb are listed in Table A.4. 
0>- --'-[--
---
Output 
Input 
'------NVvVVV' 
La 
Figure A.8 Voltage divider used to control Arucomp 
sensitivity. 
1 
Switch Position 
(mostanti-clockwise) 
2 
3 
4 
5 
Full Scale 
Deflection 
20 
30 
50 
75 
100 
6 - open circuit 
Table A.4 
L 
a 
2.7K 
10.6K 
26.5K 
46.5K 
67.0K 
-
ohm 3.9K 
ohm 3.9K 
ohm 3.9K 
ohm 3.9K 
ohm 3.9K 
Calibration: In order to calibrate the Arucomp 
recorders a calibration box was built which gives exact 
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ohm 
ohm 
ohm 
ohm 
ohm 
potential difference outputs. This is depicted in 
Figure A.9. When not in us e the switches should be left 
on 0 mv and "off ". 
~ l 45 25 
r 
Output 
40 
<>---VV\,A./v'v 
1 3K 
0 . 5K 6 way 
switch 8.5K 7 
00 K 0 
<>-
1. 35 v 
L-------.----11 I I I I ~--- -----------' 
y 
6 
100 K 
VVV'v-
o 
Test Output 
Figure A.9 Circuit diagram for the calibration box. 
mv 
mv 
mv 
mv 
mv 
mv 
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Magnetotelluric Studies across 
the Tasman Geosyncline, Australia 
H. Y. Tammemagi and F. E. M. Lilley 
(Received 1970 October 19) 
Summary 
Four magnetotelluric soundings have been made across the Tasman 
Geosyncline, a major tectonic feature of south-east Australia. The sites 
of the soundings lie in a line traversing the syncline approximately 150 km 
apart. Reliable data were procured for each site covering the period 
range from 103 to 104 s and following the usual methods of magnetotelluric 
interpretation, information on electrical conductivity is obtained at upper 
mantle depths. The conclusion is drawn that at these depths, the con-
ductivity is higher, by an order of magnitude, beneath the geosyncline than 
to the west of it. This result is interpreted as indicating higher temperatures 
which are due to, or perhaps cause, the tectonic activity which has 
characterized the geosyncline, and which is still evident in seismicity 
studies of the present day. A heat flow contrast to the west of the 
geosyncline is predicted. 
Introduction 
Relatively few magnetotelluric experiments have been carried out in Australia, 
although simultaneous magnetic and telluric observations were first made on the 
continent as early as 1922. These measurements, which are reported by Gish (1923) 
and Gish & Rooney (1928), took place at the Watheroo Observatory, constructed 
by the Carnegie Institute of Washington in Western Australia. In the following 
decade the measurement of telluric currents was also commenced at the Mt Stromlo 
Observatory in the Australian Capital Territory, as a means of monitoring magnetic 
storm activity. Otherwise, the magnetotelluric work recorded in Australia i of quite 
recent origin. Lewis & Green (1965) reported an experiment in Tasmania, and 
Everett & Hyndman (l967a) published results for soundings on the West Australian 
pre-Cambrian shield. Some measurements in southern Queensland have been made 
by officers of the Bureau of Mineral Resources, and in addition the method has 
been tested by petroleum exploration companies, searching for evidence of structure 
in sedimentary basins. 
This paper is concerned with four soundings carried out by the authors during 
1969 and 1970 across the major geological structure of Eastern Australia, the Tasman 
Geosyncline. Each site was occupied for at least four weeks, longer than ha so far 
been usual in magnetotelluric studies, to ensure that a sufficient number of active 
events were recorded. A proton-preces ion magnetometer measured the three 
orthogonal components of the magnetic field and the two horizontal components of 
the electric field were recorded by a digital voltmeter. The method of mea uring and 
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digitally recording the data restricted the frequency range observed to periods of one 
minute and longer. However, the automatic operation of the equipment enabled 
long periods of data to be analysed, yielding information to frequencies less than 
0.0001 Hz. The exercise has therefore been one in deep sounding, looking for 
electrical conductivity structure in the upper man tie, especially to see if any is asso-
ciated with the Tasman Geosyncline. Although the magnetotelluric method utilizes 
the horizontal components only of the geomagnetic field, the vertical component of 
the time variations was also recorded. These records are currently being examined 
by another worker, and will be reported separately. 
In this paper, the usual notation is adopted of Hand D for the north and east 
magnetic components respectively. The letters A and B are introduced for the 
telluric north and east components, and the authors suggest that these might also 
be well adopted by other workers in the subject, as a uniform and simple notation. 
Thus H-B magnetotelluric results are those obtained by combining north magnetic 
data with east telluric data. 
Geological setting 
The Tasman Geosyncline is a wide linear structure, on the eastern side of the 
Australian continent. It holds the Australian Alps and the Main Dividing Range, 
and so supports the major topographic features of Australia. Its situation is marked 
in Fig. 1. At the position of the magnetotelluric traverse, the geosyncline is approxi-
mately 250 km in width. Thus the station at Moruya is on one side, Spring Valley 
is near the crest of the structure, Wagga Wagga just past the western edge and 
Griffith is well beyond the western boundary. 
I 
1400E I 
I 52°E 
-28"5 
-32°5 
-36°5 
-40°5 
FIG . J . Sketch map of south-east Australia , showing the four observing si tes , and 
the posi tion of the Southern Highlands Fold Belt of the Tasman Geosyncline. 
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Apparent resistivity versus period curves were calculated using the autopower 
spectral estimates of the magnetic and orthogonal electric fields, from the standard 
magnetotelluric equation (Cagniard 1953), 
(T) = 0·2 T / A(T) /2 = 0.2 T / PAA(T) / 
Po D(T) PDD(T) (1) 
where Po denotes the apparent resistivity in Ohm-metres, T the period in seconds and 
P AA, P DD the telluric north and magnetic east autopowers respectively. Similarly 
another apparent resistivity curve was calculated for each site from the Hand B 
data. Calculations of the crosspower, PAD' between orthogonal electric and magnetic 
fields yielded the coherence parameter, 
(2) 
The phase, 4>, between the electric and magnetic fields was also calculated, using 
A.. ( _ Imaginary [PAD (T)] 
tan'l'ADT)- Real [PAD (T)] . (3) 
To test the basic auto and crosspower spectral computer programs, two artificial 
time series were generated to simulate an ideal electric and magnetic field, impinging 
on a uniform half space of resistivity 1000 Ohm m. The synthetic magnetic time 
series consisted of two chains of sine waves superimposed, one of 3000-s period and 
amplitude 20 gammas, the other of 300-s period and amplitude 20 gammas. The 
synthetic electric field also consisted of sine waves of 300 and 3000-s periods but the 
amplitudes were calculated to give an apparent resistivity of 1000 Ohm m from 
equation (I). To test the phase (equation (3» the 3000 period component of the 
electric field was made to lead the 3000 period component of the magnetic field by 
0·4rad (22·9deg) and likewise the 300 period component was 0'3rad (17'2deg) 
advanced. The results of analysing the artificial time series by the machine programs 
developed are shown in Fig. 2. It is evident that the autopower, coherence and phase 
are reliably estimated when the signal holds appreciable energy, that is, at periods of 
10'f----'-----~--__1 
~ 
& 
2 10' 1---+----.-t-------i 
~ 
'.~ 
., 
10' ''''. 
. . 
.... 
10' T(s) 
FIG . 2. Results of testing computer programs with synthetic data. 
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300 and 3000 s. However, away from these limited bandwidth areas the coherence 
does not go to zero, although it does decrease, and what appear to be valid phase 
and apparent resistivity values are recorded. A very important criterion then in 
choosing valid magnetotelluric data is not only that coherence be high but also that 
power be present at the frequencies in question. This factor will be seen to severely 
restrict the useable bandwidth of the analytical data presented in the next section. 
Results 
At each site three separate magnetic events or periods of activity were chosen for 
frequency analysis. The times of these events are listed in Table I with the geographic 
co-ordinates and code names of the stations. A typical event (event 1 for Moruya) 
is shown in Fig. 3. The three events were analysed for each site, and one event was 
selected as representative, and used for interpretation . The representative events 
were chosen on the basis of power content and high coherence and are indicated 
in Table 1 by asterisks. 
The apparent resistivity, magnetic and electric autopowers, and coherence, were 
calculated as functions of period and are given in Figs 4 and 5. Figs 4(a) and 5(a) show 
that below peliods of approximately 900 s the coherence drops from about 0·8 to 
below 0'5; in this range the autopowers of the field components are also very small, 
as well as very scattered. Thus, on the basis of testing carried out on the synthesized 
time series, it was decided that any data below the period of 900 s had too Iowa 
power content to be considered reliable. For interpretation, only the data to the 
right of the dashed vertical line in Fig. 4(a) were considered. 
16002 
1970 
20002 
January 30 
~.~Magnelic2 
ooooz 
~MagnetlC D 
04002 
February I 
Magnetic H 
FIG. 3. An example of the data recorded at the coastal station Moruya (1970 
January 30). 
Table 1 
Geographic 
Site Mnemonic co-ordinates Event I Event 2 
Moruya MAD 35°55' S 150° 1 0' E 1970 Jan . 30 0500Z- 1970 Feb. 2 0100Z-
Feb. 1 0500Z* Feb. 4 0330Z 
Spring Valley SVY 35°]6' S 149°05' E 1969 Oct. 10 OIOOZ- 1969 Oct. 24 0200Z-
Oct. 10 2300Z Oct. 25 0600Z 
Wagga Wagga WAU 35°09' S 147° 24' E 1970 Feb. 18 0100Z- 1970 Feb. 24 OIOOZ-
Feb. 19 1000Z Feb. 25 1200Z 
Griffith GRF 34°19' S 146°03' E 1970 Mar. 31 0600Z- 1970 Apr. 18 0800Z-
Apr. 1 0500Z Apr. 19 1800Z 
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Event 3 
1970 Feb. 4 0600Z-
Feb. 6 0100Z 
1969 Nov. 8 1700Z-
Nov. 12 0500Z* 
1970 Feb. 28 2100Z-
Mar. 2 1800Z* 
1970 Apr. 20 llOOZ-
Apr. 22 1500Z· 
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(0) Moruya (b) Spring Volley (e) Wagga Wagga (d) Griffifh 
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FIG. 4. Apparent resistivity data for four sites. • H- B data ; • D- A data. Solid 
lines indica te typical acceptable master curves. 
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The apparent resistivity and attendant autopower and coherence curves for 
Spring Valley, Wagga Wagga and Griffith show that, as for Moruya, the data of 
periods below about 900 s were unreliable; these data have been omitted from the 
figures. The coherences for Spring Valley are low but the apparent resistivity data 
for that station are confirmed by the analysis of the other two events. 
The phase difference between the electric and magnetic fields was also calculated 
and plotted as a function of period. The results are generally too scattered for 
quantitative interpretation ; an example is given in Fig. 6. There is, however, some 
qualitative correlation of phase with apparent resisti vity at those sites which exhibit 
anisotropy. The correlation is that greater phase difference accompanies higher 
apparent resistivity. 
Physical interpretation 
The set of apparent re istivi ty data obtained for each station was interpreted by 
fitting it with members of the portfolio of master curves published by Srivastava 
(1967) . The determination of the best fitting master curve was achieved solely by 
visual comparison with the field curves. The assumption was made that the impinging 
electromagnetic disturbances were plane waves, a reasonable simplification fo r 
Australian data taken in geomagnetic mid-latitudes (Madden & Nelson 1964). As 
good experimental data are available over a period bandwidth of little more than 
one decade, it would be meaningless to fit elaborate conductivity models. However, 
some conclusions can be drawn for resistivities at depths in the lower crust and upper 
mantle. The four stati ons are now dealt with in turn , taken from east to west. 
Moruya 
Moruya is on the coa t so the ocean may be expected to produce strong anisotropy 
in the results. This is indeed so and this can be seen vi ually in the variograms of 
Fig. 3, as well as in the apparent resistivity curves of Fig. 4(a). The H - B data give 
higher resistivities than the D- A data. This anisotropy is in accordance with the 
results of Swift (1967) for electromagnetic behaviour near a imple two dimensional 
conductivity contrast, if the north-south trending coastline tructure is taken to be 
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two dimensional with the continental side more resistive. By comparison with the 
master curves, it was found that the data were most suitably fitted by simple two-
layer models. Although a large number of varied models were acceptable, certain 
limits could be deduced. The resistivity of the underlying half-space is fixed, although 
the resistivity and depth of the first layer may vary; and a lthough the first layer depth 
is variable, it cannot exceed a certain maximum. Models were found for each of the 
two different apparent resistivity curves, yielding two differing conductivity models 
for this one site. This discrepancy or anisotropy has long been a dilemma of 
magnetotelluric interpretation, and different authors have dealt with it in various 
ways, some rather arbitrarily. In this instance, as the north- south coastline is 
thought to provide an approximate two-dimensional conductivity contrast, a simple 
average is taken of the two models obtained from the anisotropic data. The final 
model thus consists of an upper layer of maximum thickness 10 km and resistivity 
equal to or less than 50 Ohm m, which is underlain by an infinite half-space of 
resistivity approximately 225 Ohm m. Tbis structure is shown in Fig. 7(d) . 
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Spring Valley 
The data for Spring Valley are more easily interpreted as they show little or no 
anisotropy. Again two-layer models are most suitable for fitting the field curves and 
although a range of electrical conductivity structures are possible, the bottom layer 
resistivity is fixed and the top layer thickness and resistivity cannot exceed certain 
maxima. As no anisotropy i present, one conductivity model is consistent with both 
apparent resistivity curves, and this is shown in Fig. 7(c). The model consists of a 
top layer of maximum thickness 20 km and maximum resistivity 45 Ohm m underlain 
by an infinite half-space of resistivity approximately 225 Ohm m. 
Wagga Wagga 
The apparent resistivity curve of Fig. 4 for this station exhibit strong anisotropy; 
they also show that the conductivity layering below this site is more complicated 
than at Moruya or Spring Valley. Indeed the simplest models that could be fitted 
from the master curves were three layer ones, indicating a conductive-resistive-
conductive structure. 
Again a large number of model could be fitted to the data; however, the depth 
to the bottom conductive half-space remained fixed . The top two layers could be 
varied both in depth and resistivity but the top layer always remained thin and 
conductive relative to the econd. Representative model were chosen for each of 
the different apparent resi tivity curves. As for Moruya their average was taken to 
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FIG. 7. The conductivity ~ tructure models interpreted from the apparent resistivity 
data . 
be the most reasonable interpretation and this is shown in Fig. 7(b). The model 
consists of a thin, conductive surface layer; this is underlain by a thick, resistive 
layer approximately 400 km deep and of the order of thousands of Ohm-metres in 
resistivity; finally a conductive medium of approximately 10's of Ohm-metres is 
reached. 
Griffith 
As at Wagga Wagga, this station is troubled with anisotropy. Both the raw 
data and the analytic results for all the events analysed, indicated an enhanced east-
west telluric signal. The apparent resistivity curves were very similar in shape to 
those of Wagga Wagga and were likewise fitted to three layer models. A conductive-
resistive-conductive model resulted with the depth to the bottom half-space fi xed but 
the top two layers fairly variable. The average of the two anisotropic models was 
taken and is shown in Fig. 7(a) . The conductive-resistive-conductive layering is 
very similar to the one chosen for Wagga except the depth to the bottom conductive 
half-space is slightly greater at 550 km. 
Conclusion 
Geological interpretation 
The ambiguities inherent in the interpretation of magnetotelluric data are well 
known, especially when the apparent resistivity curves exhibit anisotropy and cover 
only a limited range of frequency. For this reason there would be no ju tification for 
interpreting fine detail from the result of this paper. There is, however, one basic 
and important fact clearly evident in the apparent resistivity curves for the four 
stations, which is accordingly reflected in the proposed conductivity model. This 
is that the electrical conductivity at depths in the range 100- 300 km is an order of 
magnitude greater under the stations Moruya and Spring Valley than it i under the 
stations Wagga and Griffith . This correspond to the electrical conductivity being 
higher under the Tasman Geosyncline Fold Belt than it is under the area to the west 
of it. A reasonable interpretation of this fact is that the electrical conductivity contrast 
is caused by a temperature difference, especially in view of the excellent correlation 
between electrical conductivity and heat flow found in Colorado and Utah by 
Reitzel et al. (1970). Taking the electrical conductivity to temperature relationships 
as discussed by Tozer (1970), a contrast in conductivity of an order of magnitUde at a 
depth of order 200 km would indicate a temperature contrast of order 200°. That is, 
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the upper mantle material under the geosyncline fold belt should be hotter by several 
hundred degrees than the material at the same depth to the west. The enhanced 
tectonic activity of the geosyncline region has already been noted, and this fact may 
correlate well with an upper mantle material of enhanced temperature. There is 
unlikely to be any significance in the fact that the Moruya and Spring Valley data 
do not show a trurd deep layer of high conductivity. Tms is probably due to the 
stronger 'screening' effect of the more conductive second layer which underlies 
them. 
The heat flow over the central part of the geosyncline has been given as slightly 
greater than 2Jl cal cm - 2 S -1. On the basis of this and other isolated heat flow 
measurements, the simple picture has arisen that the heat flow over the whole of 
south-eastern Australia is mgh. However, there are no heat flow determinations in 
the area to the west of the geosyncline for some hundreds of kilometres, and those 
at Broken Hill are themselves in another tectonic region, the Adelaide Geosyncline. 
It is quite possible that between these two geosynclines the heat flow may be lower. 
The inillcation of this magnetotelluric study is that it should be, if the surface heat 
flow is related to the temperatures at upper mantle depths. 
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ABSTRACf 
Lilley, F.E.M. and Tammemagi, H.Y., 1972. Telluric potentials recorded simultaneously at three sites 
near Canberra, A.C.T., Australia. Geoexploration, 10: 115-120. 
Surface telluric potentials have been recorded near Canberra at three sites simultaneously, the three 
stations being of order 15 km apart. The evident control of the telluric polarization at one station by 
the geologic fault pattern mapped there is particularly well documented. The data recorded demon-
strate the need for a thorough study of the conditions of the "current channelling" problem, where a 
local inhomogeneity perturbs a field induced over a much larger area. 
INTRODUCfIO 
The experiment described arose during field tests of three sets of telluric recording 
equipment, which had been designed to record in the low·frequency range , and which 
were constructed for the ultimate purpose of operation in conjunction with a magneto· 
meter array. The experiment is the first study of its kind to be carried out in Australia, 
and is unusual in that three instruments were in use, rather than two. 
The telluric potentials measured arise in conjunction with natural earth cu rrents, and 
are induced by magnetic variations . They are a fundamental phenomenon of importance, 
being used in both the telluric and the magnetotelluric methods of geophysical explora· 
tion (see, for example, Keller and Frischknecht , 1966). These two methods are to some 
extent complementary, as they give their best results under different circumstances. The 
telluric method is best applied in the study of a large scale structure such as an undulating 
sedimentary basement , and the magnetotelluric method is most satisfactory in the study 
of simple horizontal layering. The standard interpretation procedures of both methods, 
however , and that of the magnetotelluric method especially , would be inadequate to treat 
telluric data similar to that obtained at the YRD station of the experiment to be de· 
scribed. This note gives a well documented example of a local perturbation in a large-scale 
telluric fie ld , and points out the need for a thorough examination of the possibility of 
solving interpretation problems of the three-dimensional current-channelling type . 
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Theoretical treatment of simple two-dimensional structures has been well studied (for 
example d'Erceville and Kunetz, 1962; Rankin, 1962), and recent expansion in computer 
facilities has led to a renewed interest in the numerical solution of more complicated 
two-dimensional cases (Madden and Swift , 1969; Wright , 1970; Jones , 1970; Jones and 
Price, 1970). The work of Dyck and Garland (J 969), in modelling the cause of an anoma-
ly in geomagnetic variations by a conducting body immersed in a uniform current field, 
appears to be the first contribution to the class of three-dimensional problems. 
THE EXPERIMENT 
Three observing sites were occupied concurrently at different places on the outskirts 
of Canberra, A.C.T., Australia . The sites, YRD, BCN , and HMN , are shown in Fig.1. The 
topography of the district is hilly , but the sites were chosen in the flattest areas possible : 
typical relief relative to the sites would be a hill 200 m higher, 3 km away. Fences and 
power lines were avoided as far as possible . 
The potential differences were measured over distances of 500 m, between earthing elec-
trodes of lead plates buried at a depth of 1 m. At each site , two components of the tellu-
ric field were recorded , in the magnetic north and magnetic east directions. Recording 
was on paper chart, with frequencies higher than 0.03 Hz filtered out. The experiment 
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Fig.!. Sketch map of the Canberra district, showing the observing sites occupied, and the main struc-
tural fau lt lines. (After Opik , 1958.) 
run 
'" 0 
3 
< 
........ 
~ 
3 
TELLURIC POTENTIALS RECORDED ATTHREE SITES 
was run for three weeks, during which time a wide variety of telluric activity was 
recorded . 
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An example of the data recorded is presented in Fig.2 , which shows the telluric signal 
of a train of geomagnetic micropulsations superimposed on the telluric signal of a geo-
magnetic bay. The profiles have been traced from the chart records , and arranged for easy 
comparison. It may be seen that the north components are quite consistent, even though 
the sites are 15 km apart and separated by geographic features and geologic faults. On the 
other hand, the east components vary from station to station. The morphology of the E 
traces is similar (with the reservation that HM -E is disturbed by cultural noise), but the 
amplitudes of the signals vary , most noticeably at the longer periods: Be -E has a greater 
response than YRD-E. At a first inspection, the data show the telluric fields to be reason-
ably smooth over the area in question. The difference in amplitude of the E traces might 
be linked with varying distance of the stations from Sullivans Fault . 
A closer study of the data , however, discloses a very strong polarization of the field at 
YRD. It is the main purpose of this note to present the YRD polarization as a case his-
tory , and consider its implications. 
Throughout the experiment, the YRD east and north variations were observed to be 
virtually identical to each other, but of opposite sign. To test that the telluric signals were 
indeed polarized in a strict line southeast-northwest, two instruments were subsequently 
run concurrently at the site , arranged as shown in Fig.3 . An example of the activity re-
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. , Fig.2. An example of the telluric activity recorded. August 18, 1970. Nand E denote the telluric com-
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N 
N - E 
E 
S- E 
Fig.3. Plan of two instruments arranged to check the polarization at YRD. 
corded by them is shown in Fig.4. Simple calculations using the ratios of the signal ampli-
tudes confirm that the direction of polarization is along an axis 1220 - 302° (magnetic), 
which is within several degrees of southeast- northwest (true). The direction of polariza-
tion at YRD is thus perpendicular to the geological faulting of the area , mapped thor-
oughly by Opik (1958) , and sketched in Fig.l. 
The interpretation, that the fault pattern controls the polarization, is most compelling. 
It is accounted for if the fault planes are imagined to be very good conductors of electrici-
ty , perhaps due to ground water content. Then , if they effectively short-circuit any elec-
tric component directed along them, the lines of equipotential will be parallel to their 
strike , and a telluric signal will be recorded only at right angles to the geological faulting 
pattern. (It shou ld , incidentally, be noted that this is evidently not always the case. For 
example, Srivastava et a!. (1963) observed telluric polarization parallel to geologic linea-
tions in Alberta.) 
Highly condu cting fau lt planes accou nt for the YRD polarization, and this is evidently 
I 
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S- E 
Fig.4. An exam ple of the data Showing the polarization a t the YRD site, August 25, 1970. 
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a local perturbation of a telluric field of a larger scale. The theory of the case would not 
be investigated by considering the induction problem for an infinite dyke model , but 
rather (in a manner similar to Dyck and Garland's (1969) treatment of an analogous prob-
lem), by considering the fault planes as small conducting sheets, channelling current in-
duced over a larger area. In the calculation of the large-scale currents, the presence of the 
conducting sheets would at first be disregarded. 
A further point is that no estimate is obtained in the experiment of the current actual-
ly flowin g along the fault planes. The extent to which a structural problem can be solved 
under circumstances such as these must at present be regarded as undetermined. There is 
a need for a theoretical investigation of the circumstances of the general current-
channelling problem , where a local inhomogeneity perturbs the field induced over a re-
gion of larger scale, in order to determine under what conditions useful interpretations 
may be expected possible from the data observed. 
CO CLUSIO 
The contribution of this note has been to present a case history of fault planes causing 
telluric polarization perpendicular to their strike. They must therefore be planes of high 
conductivity, and thus be causing current channelling. The extent of this is evidently 
undetected , and there is a need to examine the conditions of such problems , to determine 
under what circumstances they may be soluble. 
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